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F. C. Huyck & Sons, Rensselaer, N. Y. 
Has a Challenging Opening for a 


PH.D. Organic Chemist having 0-3 
years experience for research in fibre modi- 
fication and compound synthesis, to work 
with a Small Alert Group in one of the 
most Forward Looking Research Organi- 
zations in The United States! 


With pension plan; supplemental profit sharing 
plan; health and life insurance protection; 3 weeks 
vacation; moving expenses paid and better than 
competitive salary, this is an Exceptional Oppor- 
tunity for the right man. Selected applicants 
will be given opportunity to visit at our expense. 
All replies will be held in strictest confidence. 
Mail detailed resume of education, Military and 
work experience, and personal data to: 
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Dyes for the Hydrophobic Fibers’ 
H. E. Schroeder and S. N. Boyd 


Organic Chemicals Dept., Research Division, E. I. du Pont de Nemours & Co., Wilmington, Del. 


Abstract 


The commercialization of the hydrophobic fibers has necessitated the development of 
entirely new classes of dyes. This job has been accomplished successfully by the careful 
tailoring of dye molecules to the chemical and physical requirements of the different 
fibers. 

All of the hydrophobic fibers designed for apparel use can be dyed with disperse dyes. 
Polyamide and acrylic fibers can be dyed with acid dyes. Selected acrylic fibers can be 
dyed also with basic dyes. The dyeing of hydrophobic fibers with disperse dyes in- 
volves solution of the dye in the fiber ; electrostatic interactions are involved in the dyeing 
of these fibers with ionic dyes. The rate of dyeing with both the disperse and the ionic 
dyes is largely a function of the specific fiber and the molecular size and geometry of the 
dye molecules. The polarity of a disperse dye plays a major role in determining the 
affinity of the dye for a specific fiber. 

Resistance of both the disperse and the ionic dyes to removal from the fiber by 
aqueous treatments is directly proportional to the affinity of the dye for the fiber and 
inversely proportional to the rate of dyeing. The washing fastness of the extremely 
hydrophobic fibers is excellent with all of the dyes which are applicable. 

The photochemical decomposition of a dye on a fiber is a reaction of the electronically 
excited dye molecule with the fiber and/or other elements of the environment. 
light-fastness is a characteristic of the particular dye/fiber system. 

Many correlations of affinity and fastness properties with molecular structure can 
be drawn. 


Hence, 


We plan to summarize the present status of the Until the advent of the new synthetic fibers, dye- 
dyeing of the hydrophobic synthetic fibers. While 
our emphasis will be on the newer acrylic and 


ing involved almost exclusively water-soluble colors. 
These colors dyed by a process of absorption where 
polyester fibers, a clearer understanding of the over- the fiber and dye showed an attraction, or affinity, 
all development is possible from a simultaneous con- for each other. The chemical 
sideration of cellulose acetate and the nylon poly- 


reactions involved 


either salt formation between dye ions and ionized 
amides. 


fiber, as in the case of wool, or intermolecular as- 
, ; , : AC iP ; sociations, as in the case of cellulose. 

1 Presented at the symposium, “/ entury oO rogress in - Sa bbe te % ; 
the Synthesis of Dyes,” part of the Perkin Centennial, Sep- With the new fibers, first acetate, then the nylon 
tember 14, 1956, New York. polyamides, the acrylics, and the polyesters, a com- 
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pletely new parameter was added. These new 
fibers as a class absorb considerably less water than 
the older fibers and are less permeable to polar 
molecules. They were not easily colored with ionic 


dyes. It soon became apparent with acetate—and 
the theme has spread to all the others—that a new 
type of dye was remarkably effective. These dyes 
usually lacked ionic solubilizing groups, and they 
colored the fibers from an aqueous dispersion. 

The nature of the interaction between these dyes 
and the fibers has been the subject of considerable 
discussion. It now appears clear, however, par- 
ticularly on the basis of Schuler and Remington’s 
work with polyethylene terephthalate [8] and cel- 
lulose acetate and also Bird and Manchester’s re- 
sults with acetate [1] that these fibers are dyed by 
a reversible process involving solution of dye in fiber. 
The dyes are very slightly soluble in water and 
enter the fiber from the solution in the aqueous dye 
bath. At equilibrium there is always a constant 
ratio or partition coefficient between dye dissolved 
in fiber and in bath; thus, this type of dyeing con- 


forms to solution theory : 


Dye fiber 


——— —— = Constant (K) 
Dye solution 


The exact nature of the chromophore in the dis- 
Solubility 
As a matter 


perse dyes is not of primary importance. 
in the fiber is the main requirement. 
of fact, any colored class is potentially usable: azo, 
anthraquinone, or other dyes are all effective, as can 
be seen from the following typical dyes for cellulose 


acetate : 
CH, 
CH;CONH c% _ = 
OH 
CHs 
O iy ) 
Piao N=N Se 


NO» 


\ 


OH 


<< >-N=n—<N=N-~K +O 


Fig. 1. Azo disperse dyes 
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NH: O NH: 


AWAY 
NH, O NH, 
O NH: 


PN ia 
( OCH, 


O OH 


HO O OH 


CH.CH,OH 


NO; 0 NH—< 
XY 


Fig. 2. 


Anthraquinone disperse dyes. 


CN 


R.N =. CH—C 


CO.C.H, 


Se. > . ae oN ‘ 
>—N—~< —SO.NH» 
Y/Y H i pie 


NO: 


NO, 
H 


VNSA\ 
ae 
SA AN Ps V / 


O 


Diazotized and developed types 


(Y)-0H 
NHe+ 


a 
—~CO.H 


< > N 4 » 


Neen 


Fig. 3. Other disperse dyes. 

The dyes all possess low molecular weights, to 
favor rapid permeation of the fiber, and high solu- 
bility in the fiber; and they show only slight solu- 
bility in water. Since the dyeing process is actually 
a competition between fiber and water for dye, a 
good dye is one in which the solubility of dye in fiber 
is high compared with its solubility in water. Con- 
versely when this ratio is low, and the dye is ex- 
cessively soluble in water, most of the dye remains 
dissolved in the bath. However, even ionic groups 
may be introduced into disperse dyes if the mass of 
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| 
O NH: 


No affinity for acetate 


O NH: 
| 
—SO;H 


0 NH< » 
Fair affinity for acetate 
rf NH: 
—SO;H 


| 
O NHK —Culls 


Good affinity for acetate 
Fig. 4. 


the organic residue is adequately increased to render 
the whole molecule relatively hydrophobic. 

While the last dye functions satisfactorily on 
acetate, it is of no value for more hydrophobic fibers 
like cellulose triacetate or polyethylene terephthalate. 
Permeation of these fibers by any highly ionized 
molecule is very slow. Furthermore, such dyes have 
but little solubility in the fibers. 

In order to develop practical disperse dyes for 
the various hydrophobic fibers, it is therefore neces- 
sary to find colored molecules which possess ade- 
quate solubility in the individual fibers. Most of the 
newer fibers have many donor and acceptor groups 
to promote solubility and in addition have un- 
oriented regions in which the dye molecules can 
dissolve. 

We plan to focus the discussion of the disperse 
dyes on those for polyethylene terephthalate (i.e., 
Dacron polyester fiber), since this fiber is stable to 
a wide range of application conditions and thus per- 
mits generalizations based on more extensive ex- 
periments with more varied dye structures. The 
principles we shall consider apply: in varying de- 
grees to the other fibers. The disperse colors for 
the different hydrophobic fibers are generally very 
similar chemically. 
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Dyeing effectiveness is a function of fiber struc- 
ture and the polarity, mass, and molecular geometry 
of the dyes. 

The most important single variable is the polarity 
of the dye. It is absolutely essential that the disperse 
dye possess a high ratio of mass to polarity. It must 
not be very soluble in water unless it has a com- 
pensating very high solubility in the fiber. 

Surprisingly subtle variations in structure may 
change the affinity of a dye type for the different 
hydrophobic fibers, as shown in Figure 5. 


Affinity for 





Dacron 
polyester 
Acetate fiber 


Good 


Poor 


0) Leer 
WY 


H NO, 


—SO,NHC;H,OH 
2 Jf 
N 
H NO; 
SO:NH-K > 
0 Poor Good 
‘\ er 
N 
H NO; 


Fig. 5. 


Good Poor 


The replacement of a hydrogen atom by a phenyl 
group does not always destroy affinity for acetate 
nor does use of a hydroxyethyl group destroy af- 
finity for Dacron. Either group can be used in 
dyes for both fibers if the molecule as a whole is 
properly designed. It is the balance between hy- 
drophilic and hydrophobic character which must be 
maintained. A surprising variety of nonionic organic 
dyes shows excellent solubility in Dacron, acetate, 
and nylon. 

Practical dyes must also show a relatively rapid 
dyeing rate. The rate controlling step is the diffu- 
sion of dye from fiber surface to its interior. This 
rate is an inverse function of the mass of the dye. 

Not only size, but shape, or molecular geometry, 
affects dyeing rate—a long linear molecule will dye 





Effect of Size on Dyeing Rate 
NH2 


—OCH; 


| 
OH 
OH 


Moderate 


Very slow 


Fig. 6. Dyes for Dacron polyester fiber. 


Effect of Shape on Dyeing Rate at 100° C. 


‘unin aw Fast 


Very slow 


Fig. 7. Dyes for Dacron polyester fiber. 
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Dacron much more rapidly than a square compact 
molecule of the same mass. 

This is strictly a rate problem, however, since the 
latter two dyes are amply soluble at equilibrium and 
are useful in high temperature dyeing processes, 
such as the Thermosol dry heat process. 

Thus polarity, molecular mass, and molecular 
shape will affect affinity for a particular fiber. The 
problem of developing dyes for each fiber is one of 
tailoring specific chromophores to afford all applica- 
tion characteristics desired. Since practical diffusion 
rates impose limits of mass and geometry, the search 
is restricted to relatively small molecules. 

The next problem is one of achieving practical 
fastness to light, washing, gas fumes, and sublima- 
tion despite the necessarily small size of the mole- 
cules. 

Wash Fastness 


Wash fastness, quite generally, is a function of the 
affinity of the dye for the fiber. The greater the 
affinity, the greater the forces acting to prevent re- 
moval of the dye during a washing operation. How- 
ever, since dyeing is a reversible process, the dyed 
fiber will tend to reestablish equilibrium if placed in 
a fresh bath. Some of the dye will be removed on 
washing even if equilibrium is not attained. 

Fiber morphology plays a particularly important 
role here. Some fibers like cellulose acetate are 
relatively open in physical structure, and in their 
unordered regions, are very permeable to water and 
other molecules. This permits rapid dye absorption 
at relatively low temperatures, e.g., 50°-80° C.; but 
by the same token, in a washing operation which is 
carried out in the same temperature region, the dyes 
will be desorbed readily, and the wash fastness will 
be poor. This is the case with many dyes for cel- 
lulose acetate and nylon. On the other hand, fibers 
of polyacrylonitrile and polyethylene terephthalate 
are much more highly oriented and much less perme- 
able. They, therefore, dye rapidly only under much 
more drastic conditions, i.e., 100°-120° C. Most 
washing operations are carried out at 30°-60° C. 
where the rate of desorption of dye is very slow. As 
a result, Dacron polyester fiber, Arnel cellulose tri- 
acetate, and Orlon acrylic fiber show excellent wash 
fastness. Thus, fiber structure and permeability is 
more important than color structure in determining 
wash fastness. 


Sublimation Fastness 


The disperse dyes are selected as relatively small 
molecules with adequate mobility to penetrate a fiber 
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rapidly. Since they are devoid of strongly ionic 
groups, they often exhibit a significant vapor pres- 
sure. If a dyed fiber is exposed to high tempera- 
tures, such as those encountered in the setting of 
pleats or in pressing, dye may sublime from the 
fiber. The sublimed dye may be absorbed by ad- 
jacent fibers leading to staining. This becomes 
particularly troublesome in fancy patterns where 
the adjacent fiber may be a contrasting color. 

The vapor pressure of the dyes is an inverse func- 
In the yellow-to- 
red shade ranges, sublimation is a very serious prac- 
tical problem. 


tion of mass and also of polarity. 


These dyes are usually fairly simple 
and contain but few polar groups. However, the 
blue disperse dyes have many polar groups to cause 
light absorption at long wave lengths and are usually 


fast to sublimation. 


NPs 


aoe 


Orange 
Poor sublimation fastness 


Red 
Poor sublimation fastness 


OH 


J ew 


6 NH: 


Blue 
Good sublimation fastness 


Fig. 8. Sublimation fastness of dyes for 
Dacron polyester fiber. 


Improved 
sublimation 
fastness 


—NHC2H; 


CoHs 


oi cea 
te OOP aa 


‘CH:CH,OH 
CH.CH:OH 


ox-< 


‘CH.CH.OH 
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Sublimation fastness can be improved in the yel- 
low-to-red range by the introduction of polar sub- 
stituents. These are introduced in a manner which 
minimizes the effect on the shade of the dye. 

A large number of functional groups has been 
studied in the attempt to improve sublimation fast- 


A few 


typical groupings which have been reported as effec- 


ness by increasing polarity of a disperse dye. 
tive are shown in Figure 10. 


R 


a 


-N—CH.CF:H 


R 


-N—CH.,CH.CN 


R 
N—CH.2CH,0(CH.CH.O),CH:CH:OH 


R 
-N—CH:CHOH—CH,0H 


—CONHCH:CH-,OH 


H 
| 
~SO.N—CH.CH:OH 
Fig. 10. 


By increasing the polarity, however, we are dis- 
turbing one of the important variables determining 
the dye affinity. For this reason, development of 
improved sublimation fastness frequently requires a 
A beta-hydroxy- 


ethyl group attached to the chromophore through an 


compromise with lowered affinity. 


amino nitrogen atom is one of the more innocuous 
groupings, and for this reason is found in a large 
number of disperse dyes. 


Gas-Fume Fastness 


Many dyes on hydrophobic fibers are attacked by 
industrial gases in the atmosphere. Oxides of nitro- 
gen appear to be the prime offenders. It is probable 
that amino groups in the dye molecule are nitrosated 
or diazotized by these gases. The effect is particu- 
larly marked in blue dyes, which of necessity bear 
one or more amino groups. Any approach which 
minimizes the number of amino groups or which 
lowers their basicity improves the resistance to gas- 


fume fading. 





| 
ON OH 


Fig. 11. Fume fastness of disperse dyes. 

In the 1, 4-diaminoanthraquinones, fume fastness 
can be improved by acylation or arylation of one of 
the amino groups. In addition, basicity of the amino 
groups can be decreased by ortho substitution with 
electron withdrawing or hydrogen bonding groups. 


Poor fume fastness 
| 





NH, 


Fig. 12. 


~ 
Good fume fastness 


Fume fastness of disperse dyes. 
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The rate at which a dye is attacked by gas fumes 
is also a function of the solubility and the rate of 
diffusion of the nitrogen oxides into the fiber. Thus 
dyeings of acetate are much more subject to attack 
than those of Dacron polyester fiber. 

More recently it has been reported [7] that dyes 
on hydrophobic fibers are subject to destruction by 
ozone. Not enough is yet known of this phe- 
nomenon to permit a correlation with structural 
features. 

Light Fastness 


The properties of disperse dyes that we have con- 
sidered thus far can in every case be understood in 
terms of molecular structure. These properties, 
quite generally, are functions of the electronic ground 
state of the molecule, and the structures we have 
illustrated in the figures represent these ground 
states. However, the next two properties we shall 
discuss involve reactions not of these ground state 
structures, but of electronically excited structures. 
Since we cannot draw structures for these electroni- 
cally excited molecules, it is difficult to systematize 
their reactions. 

The two properties of electronically excited states 
which we shall consider are phototropism and light 
fastness. 

Phototropism is a reversible change in shade 
shown by dyeings of selected aminoazobenzene de- 
rivatives and certain other compounds. The phe- 
nomenon is manifested as a marked shade change 
on short exposure to light. The original shade is 
restored, however, on extended storage of the dyed 
fiber in the dark. 

Practically, phototropism of aminoazobenzene de- 
rivatives can be minimized or completely obviated by 
the introduction of a strong electron withdrawing 
group such as nitro, acetyl, cyano, etc., in the 4’-posi- 
tion of the aminoazobenzene nucleus. 


cl 
—N=N—K__»>—NH: 
l F 
ON )—-N=N—K NH 


Me 


SOON gst Oe Se? 


OH 
Fig. 13. 


Phototropic 


Nonphototropic 


Nonphototropic 
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A more important problem is the irreversible 
destruction of all dyes by light. Dyes are colored 
because of their ability to absorb light. The best 
dyes are extremely efficient in this respect with 
molecular extinction coefficients of 30-70,000. Ina 
good dye the large amount of energy absorbed must 
be released without fading the color or damaging the 
fiber excessively. 

This irreversible fading of a dye by light involves 
a reaction of the electronically excited dye molecule 
with the fiber and/or other elements of the environ- 
ment of the dye molecule. It is always a character- 
istic of the entire system under study. A dye which 
is extremely resistant to light on one fiber may be 
faded very rapidly on another. In many cases it has 
been established that the excited dye molecule is 
reduced by the fiber. In other cases the dye is 
oxidized, possibly by atmospheric oxygen [9]. 

If we knew the exact chemical structures of the 
excited dyes, we might predict the nature and rate 
of the photochemical decomposition, and the effect 
of structural modifications. Since we cannot do this 
at present, we are limited to certain empirical ob- 
servations and correlations which appear qualita- 
tively true for most dye-fiber systems. 

From a consideration of ground state structures, 
the best dyes are stable aromatic-type compounds 
with a minimum of positions available for ready at- 
tack by chemical agents. Activated nuclear positions, 


Yellow 


Orange 


Cc 

yee 4 
bo 
Cc 


Red 


Excellent 


R 


me 


5 le oe 


CH: 


du, 


oe HC:Hs 
Blue 


Fig. 14. Light fastness on Dacron polyester fiber. 


20 
Violet 


n NHCH; 


Fig. 15. Fastness (hr.) on Dacron polyester fiber. 


active double bonds, and reactive substituents all 
seem to lead to poor fastness. 

In any given series, substances with highest elec- 
tron mobility appear to show the lowest fastness. 
Within a given chemical class, it is possible to extend 
the absorption maximum to progressively longer 
wave lengths by successive introduction of electron 
donating groups. In these cases the light fastness 
is frequently greatest in the molecule substituted 
with a minimum of donating groups (Figure 14). 

Substituents which render amines less basic im- 
prove light fastness. Electron-attracting groups will 
materially increase fastness of a dye when attached 
to the amine or inserted in an ortho position, as for 
example, in the anthraquinones, listed in Figure 15. 

Another effective route to improved light fastness 
involves hydrogen bonding of an amino group with 
an ortho or peri substituent containing an electron 
donor atom, as in the last example in Figure 16. 

The introduction of beta-hydroxyethyl groups into 
dye molecules to improve sublimation fastness or ap- 
plication properties usually results in poorer light 
fastness. 





—— 


I| 
O 
Fig. 16. Fastness (hr.) on Dacron polyester, fiber. 


C:Hs 


a 


: light 


Decreasing 
C2Hs fastness 
& H.CH,OH 


C:H; 
CH.CH:,0OH 


. 4 } 
~ | 
CH.CH.OH | 

Fig. 17. 


It is possible that these OH groups associate with 
the chromophoric azo groups by hydrogen bonding 
and facilitate photochemical reduction [2]. 

Free phenolic and aliphatic hydroxyl groups fre- 
quently decrease dye fastness even when present in 
another molecule. The carriers used as assistants to 
speed up dyeing of Dacron polyester fiber and Arnel 
cellulose triacetate often produce an adverse effect 
on light fastness. 

Design of disperse dyes is thus a problem in com- 
promise, a balance between properties. As a result 
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Detrimental 


CH<__>—OH 


Fig. 18. Carriers. 


Essentially harmless 


CO:H 


of an extensive search, colors have been developed 
for Dacron polyester fiber with fastness to light sub- 
stantially equal to that of the better vat colors on 
cotton. 

Since Dacron will tolerate higher temperature dye- 
ing conditions than cellulose acetate, it is possible to 
employ more elaborate structures which are not able 
to penetrate ordinary acetate rapidly under com- 
mercial dyeing conditions. Extensive lines of dis- 
perse colors have been developed for acetate and the 
nylons. They are economical to apply and give 
pleasing shades but do not possess the high all- 
around fastness on the latter fibers that they show on 
Dacron. 


Acrylic Fibers 


The acrylic fibers such as Orlon, Dynel, and 
Acrilan present a different problem. Polyacrylo- 
nitrile possesses limited capacity for most classes of 
colors. The disperse dyes just discussed dye Orlon 
acrylic fiber bright shades of excellent fastness. 
However, only light to medium shades are obtain- 
able because the dyes show limited solubility in 
polyacrylonitrile. 

It was concluded, therefore, that ionic dyeing re- 
actions such as are used for dyeing wool and nylon 
might be preferable [3]. As has been shown by 
Gilbert and Rideal [5] for the absorption of acids 
by wool, and by Remington and Gladding [6] for 
nylon, dyeing with colored anions in the presence of 
acid can be accurately represented as salt formation 
between dye anion and protonated fiber cation, as 
shown in Figure 19. 


-O.C—NH;* + Dye — SO;- + H*— 
HO.C—NH;* -O;S - Dye 
Fig. 19. 
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He 


Fig. 20. 


Application of the same dyeing principles to the 
acrylic fibers would require the insertion in the 
polyacrylonitrile molecule of specific cationic sites 
with which colored anions might form salts. This 
has been found possible by two methods. The first 
involves the incorporation of a limited number of 
basic groups into the polymer by copolymerization 
of acrylonitrile with a basic monomer, such as vinyl 
pyridine. The second has resulted from the dis- 
covery that cuprous copper is readily absorbed by 
acrylonitrile polymers [4] to provide almost un- 
limited capacity for many anionic dyes. Absorption 
of dye may be represented in both cases by the in- 
teraction of a dye anion and a cation in the fiber to 
yield dyed fibers. The structure of the polymers and 
the association between dye and cationic site is de- 
picted in Figure 20. 

Detailed physical chemical studies of the equilib- 
rium dyeing reactions in each case have confirmed 
this picture. 

In each case the polymer shows substantially no 
affinity for the anions and cannot be dyed until the 
appropriate cation—in one case, proton, and in the 
other case, Cu*—is inserted in the polyacrylonitrile. 
Thus the basified copolymer will absorb anionic dyes 
only from solutions having a relatively low pH, low 
enough to protonate the pyridine and generate a 
cationic site. The homopolymer will absorb dye only 
in the presence of cuprous ion, which is believed to 
form complexes with the nitrile groups in the fiber. 

Both of these principles have been used for dyeing 
the acrylic fibers Orlon, Dynel, Acrilan, and others. 
Selection of dyes follows some of the same general 
principles detailed above for the disperse colors. 
Since the dyeing is a competition between hydro- 
phobic fiber and water for dye, it is desirable that 
the molecule contain a substantial ratio of organic 


moiety to solubilizing anionic group. Thus mono- 
sulfonated dyes show excellent affinity, while the re- 
lated polysulfonic acids are generally of less practical 
value. 

O NH; 


Fig. 21. 


This chemistry has been largely superseded by a 
related ionic dyeing mechanism which is at present 
extremely popular on Orlon and Acrilan acrylic 
fibers, i.e., the use of cationic dyes. The original 
observation that basic colors are capable of dyeing 
polyacrylonitrile fibers has been extended consider- 
ably by research on the fiber and extensive evalua- 
tion of a very large variety of colored cations. 

The rate of dyeing is diffusion controlled and is 
for the best dyes rapid only at 95° C. or higher. 
It is very slow at lower temperatures, such as those 
encountered in laundering. As a consequence the 
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dyes show high wet fastness when properly selected 
with regard to size and balance between organic 
mass and cationic charge. 

The most critical problem is light fastness; most 
of the classical basic colors are inadequate in this 
respect. Selected structures show fastness adequate 
for many uses. 


Green 


Fig. 22. 


The styryl-type dyes derived from trimethyl- 
indolene show exceptionally good fastness, bright- 
ness, and high tinctorial strength on acrylic fibers. 

Some newly developed structures show unprec- 
edented light fastness on these fibers. 

The use of cationic dyes on acrylic fibers is very 
early in its development. While the factors con- 
trolling shade are similar to those well known for 
the older fibers, the effect of variations in structure, 
size, and geometry on affinity and dyeing rates is as 
yet not sufficiently defined to permit firm conclusions. 


Conclusion 


To recapitulate, the known mechanisms applied 
to the various hydrophobic fibers are shown in 
Table I. 

Disperse dyes are used on all fibers. They are 
the only practical dyes for acetate, triacetate, and 
Dacron, and provide excellent fastness on the latter 
two. The disperse dyes are used on the acrylic 
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fibers for light shades of exceptional wash and light 
fastness. On nylon they afford clear level shades 
but are generally deficient in both wet and light 
fastness. 

The acid dyes are used on the acrylic fibers and 
nylon, where they give acceptable fastness at reason- 
able cost. Cationic dyes are exceptionally valuable 


CH; CH; 
p».4 
fy 
‘ 
C—CH=CH—NH- 


2 ail 


I CH;0 
* on, 


Yellow 


CH; CH; CH; CH; 
\ J Ne 4 
A /~ 

‘\ 7 

j{C—CH=CH—CH=C 

y * 

\Z 
N 
cH, 

Pink 
Fig. 23. 


TABLE I. Dye Type 


Fiber Disperse Acid 





Acetate 

Triacetate 

Dacron polyester fiber 
Nylon : 
Orlon acrylic fibe 
Acrilan acrylic fiber 
Dynel acrylic fiber 


Yes No 
Yes No 
Yes No 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
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on Orlon and Acrilan, giving economy, brilliance, 
and fastness. 


Summary 


The commercialization of the hydrophobic fibers 
has necessitated the development of entirely new 
classes of dyes. By the careful tailoring of dye 
molecules to the chemical and physical requirements 
of the different fibers, it has been possible to dye all 
the new hydrophobic fibers satisfactorily. 

All of the hydrophobic fibers designed for apparel 
use can be dyed with disperse dyes. These disperse 
dyes enter the fiber by a mechanism involving solu- 
tion of dye in the fiber. Polyamide and acrylic fibers 
can be dyed with acid dyes. Selected acrylic fibers 
can be dyed also with basic dyes. Electrostatic in- 
teractions (salt formation) are involved in the dye- 
ing of polyamide and acrylic fibers with ionic dyes. 
The rate of dyeing with both the disperse and the 
ionic dyes is largely a function of the specific fiber 
and the molecular size and geometry of the dye 
molecules. The polarity of a disperse dye plays a 


major role in determining the affinity of the dye for 
a specific fiber, it being essential to preserve a bal- 
ance between solubility of disperse dye in fiber and 


its solubility in water. Excessive water solubility 
will destroy affinity of a dye for the hydrophobic 
fibers. 

Resistance of both the disperse and the ionic dyes 
to removal from the fiber by aqueous treatments is 
directly proportional to the affinity of the dye for 
the fiber and inversely proportional to the rate of 
dyeing. The washing fastness of the extremely 
hydrophobic fibers is excellent with all of the dyes 
which are applicable. 

The photochemical decomposition of a dye on a 
fiber is a reaction of the electronically excited dye 
molecule with the fiber and/or other elements of the 
environment. Hence, light fastness is a character- 
istic of the particular dye/fiber system. 

Many correlations of affinity and fastness prop- 
erties with molecular structure can be drawn. Af- 
finity is promoted by relatively high ratio of mass/ 
polar groups in both disperse and ionic dyes, the 
precise relationships varying with the individual 
fibers. For the hydrophobic fibers small molecules, 
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roughly linear in shape, afford the most satisfactory 
results. Fastness to washing, sublimation, and dry 
cleaning are all favored by an increase in molecular 
size and a relative decrease in solubility in water or 
solvent. 

Fastness to light presents a more complex prob- 
lem. Correlations can be made showing that amino 
groups in dye molecules exert a deleterious effect 
as they become more basic ; this can be corrected by 
acylation, arylation, or introduction of an electron- 
attracting group in an ortho position. 

By proper application of all these principles to the 
synthetic fibers based on polyacrylonitrile and poly- 
ethylene terephthalate, it has been possible to achieve 
a combination of fastness and appearance unequalled 
by the older natural fibers. 

Chemically the principles governing fastness are 
similar on the various fibers, but individual charac- 
teristics will vary with the dye/fiber combination. 
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Relation between the X-Ray Angle of Cottons and 
Their Fiber Mechanical Properties 


L. Rebenfeld and W. P. Virgin 


Textile Research Institute, Princeton, N.J. 


Abstract 


Correlations are presented between the spiral angle, as measured by the X-ray angle 
(40% absorption angle of 002 diffraction arc), and the mechanical properties of 16 cot- 


tons. 


A significant correlation is found for Pressley strength at zero gauge length; 


however, virtually no correlations exist when cotton strength is measured at 5.0-mm. 
gauge length. Highly significant correlations are found between the spiral angle and the 
extensibility properties of cotton fibers, as measured by single fiber elastic modulus and 


elongation to break. 


Introduction 


The X-ray diffraction technique of elucidation of 
molecular structure has been applied to cellulose re- 
search by many workers who postulated various 
crystalline structures for cellulose [4, 8, 9]. The 
conclusions based upon this purely physical approach 
were confirmed by physico-chemical and chemical 
means so that at the present time the concept of 
crystalline and amorphous regions in cellulose is 
widely accepted [10]. The X-ray technique was 
further utilized in the measurement of the crystallite 
orientation with respect to the fiber axis [11]. From 
a study of the X-ray diffraction pattern, various 
parameters have been deduced which were found to 
be measures of the crystallite orientation. These 
methods are all based on the examination of the 002 


diffraction arc and are generally expressed as an 
angular measure of that arc. 

The most common method of expressing the de- 
gree of orientation is the 40% absorption X-ray 


angle [3]. This value is the angle formed by the 
equator of the diffraction pattern and the line from 
the center of the pattern to a point on the 002 dif- 
fraction are corresponding to an absorption of 40% 
of the maximum intensity. From a comparison of 
the X-ray angle and the fibrillar nature of cellulosics, 
as shown by optical and electron microscopic tech- 
niques, it has been established that the X-ray angle 
is related to the spiral angle of the fibrils with re- 
spect to the fiber axis. From this it was concluded 
that the crystallites in the fibrils are oriented with 


their long axes parallel to the long fibril axis. Thus 
the X-ray angle is a measure of the spiral angle in 
cellulosic materials. The spiral angle varies widely 
for fibrous cellulosic materials of different origin. 
Bast fibers, such as hemp, ramie, and flax, have 
spiral angles ranging from 0 to 5 deg. Leaf or hard 
fibers range from 10 to 25 deg., whereas cotton 
fibers have the largest angles, ranging from 18 to 
52 deg. [10]. 

The application of the X-ray technique of measur- 
ing spiral angle or degree of orientation to cotton 
fiber research was initiated by Sisson [12] and by 
Berkley and Conrad [1], who found that the X-ray 
angle is correlated with fiber strength. Berkley [2] 
found that the correlation coefficient between fiber 
strength and X-ray angle could be greatly increased 
when the cottons were separated according to their 
botanical species. Thus, a correlation coefficient of 
0.77 was found for American Upland cottons and 
0.81 for Sea Island cottons. Different regression 
lines were calculated for these two species, with the 
Sea Island group exhibiting a greater dependence of 
strength on X-ray angle. These strength correla- 
tions are negative in that an increase in X-ray angle 
signifies a decrease in fiber strength. 

The relationship between spiral angle and fiber 
mechanical properties has been limited to a study of 
fiber breaking strength and elongation. Most of 
these studies have considered fiber bundles, although 
Meredith [7] did include some single fiber breaking 
strengths in his considerations. Single fiber me- 
chanical properties other than strength have not 
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been considered in terms of the spiral angle, as 
measured by the X-ray technique. Meredith [6] 
did find significant correlations between orientation, 
as measured by optical anisotropy, and properties 
such as fiber elastic modulus. Hertel and Craven 
[5] indicated a highly significant degree of correla- 
tion between the X-ray angle and bundle breaking 
elongation, as evaluated by the Stelometer. 

The measurement of single fiber mechanical prop- 
erties has become an accepted tool for evaluating 
fiber characteristics. In a previous publication the 
mechanical properties of 16 cottons were reported, 
and the interrelationships of some of these properties 
were demonstrated [13]. Jt was further shown 
that the mechanical properties of these cottons, as 
measured by single fiber techniques, correlate with 
certain bundle properties and that they can be used 
to predict yarn behavior. Recently it has become 
possible to obtain the X-ray angle for these 16 cot- 
tons, and it is the purpose of this paper to report the 
relationships between the spiral angle and the me- 
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Pressley bundle strength at 1.5-mm. gauge length, 
fiber cross-sectional area, and the count-strength- 
product of 36’s carded yarns were of intermediate 
significance, while Pressley bundle strengths at 5.0- 
mm. gauge length and single fiber uncrimping en- 
Table II presents the 
correlation coefficients along with their statistical 


ergy were not significant. 


significance levels. Figures 1 to 4 show plots of 
X-ray angle versus Pressley bundle strength at 
0-mm. gauge, single fiber breaking stress, single 
fiber elastic modulus and single fiber breaking elon- 
gation. The regression equation for each one of 
the significant correlation plots is given and ex- 
presses the dependence of these fiber properties on 
the X-ray angle. 


TABLE Il. Correlation Coefficients between X-Ray Angle 


and Fiber Mechanical Properties 

Statistical 

significance 
level 


Correlation 
Fiber property coefficient 


chanical properties of these cottons. Pressley bundle strength 


0-mm. gauge 

1.5-mm. gauge 

5.0-mm. gauge 
Count-strength-product 

36's carded yarn 
Fiber breaking stress 
Fiber elastic modulus 
Fiber breaking elongation 
Fiber X-sectional area 
Fiber uncrimping energy 


Better than 0.1% 
Experimental Better than 1.0% 
No significance 
The fiber properties and the X-ray angles of these 
cottons are listed in Table I. Highly significant 
correlations were found between X-ray angle and 
Pressley bundle strength at zero gauge length, single 
fiber elastic modulus, and single fiber elongation to 
break. Correlations with single fiber breaking stress, 


Better than 1.0% 
Better than 5.0% 
Better than 0.1% 
Better than 0.1% 
Better than 5.0% 
No significance 


TABLE I. Fiber Properties and X-Ray Angles of Experimental Cottons 


Fiber un- 
crimping 
energy, 

g.-cm./cm 


x10~% 


Count- 
strength- 
product 
36's carded 
yarn 


Pressley strength, 
g./grex 


X-ray 0 1.5 L 
angle mm. mm. mm. 


Fiber 
breaking elastic elonga- 
stress, modulus, tion, 

Mg./cm.? Mg./cm.? % 


Fiber Fiber Fiber 
X-sectional 
area, 
Cotton cm.?X 107% 
2.14 
2.25 
2.53 
1.59 
1.53 
1.16 
1.28 
1.59 
2.04 
1.99 
2.38 
2.33 
1.56 


23.0 
28.4 
28.8 
30.8 
31.0 
31.1 
31.6 
32.3 
33.0 
33.0 
34.0 
34.0 
34.2 
35.9 


5.48 
4.68 
4.80 
4.11 
3.85 
3.80 
4.06 
4.18 
4.00 
4.08 
3.89 
4.09 
4.09 
3.83 
3.45 
3.01 


3884 
3513 
3690 
2556 
2434 
1963 
2206 
3094 
3299 
2623 
2614 
3519 
2098 
2159 
2202 
1932 


5.14 
5.44 
5.31 
3.88 
4.08 
3.57 
3.45 
4.37 
5.25 
4.49 
3.88 
5.34 
4.01 
4.25 
3.48 


101.6 
97.5 
74.4 
63.2 
67.9 
62.0 
57.9 
75.4 
82.6 
61.5 
62.1 
74.4 
66.9 
59.8 
48.4 


0.95 
0.98 
1.00 
1.36 
1.36 


2.15 
0.94 
1.44 
2.49 
2.36 
1.18 2.15 
1.31 2.85 
1.03 37 
1.02 
1.42 
1.21 
0.93 
1.66 
1.35 
1.26 
1.61 


Triple hybrid 
Coastland 
Pima 32 
Acala 4-42 

Empire 

Stormproof 
Stoneville 

Sealand 

Montserrat 
Deltapine 

Delfos 

Acala 44 X Pima 32 
Rowden 

Peruvian Tanguis 
Acala P18C 39.6 
Watson Mebane 42.0 
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2.46 
3.15 
2.37 
2.40 1.70 
2.20 1.55 
1.75 1.30 
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Discussion 


The high correlation between the Pressley bundle 
strength at zero gauge length and the X-ray angle 
confirms results reported by previous workers. 
However, it is important to note that the correla- 
tion with single fiber breaking stress is much lower, 
indicating that the ultimate fiber strength is not 
highly dependent on spiral angle, as would be an- 
ticipated from the Pressley zero gauge length results. 
The discrepancy between the zero gauge length 
Pressley strengths and the single fiber breaking 
stress can be explained by the concept of weak 
points along the cotton fiber length [14]. In single 
fiber testing, the length of fiber being tested is ap- 
proximately 4 in., whereas in the Pressley zero 
gauge length, the fiber length being tested is nomi- 
nally zero. Thus, in single fiber testing the proba- 
bility of a weak spot occurring is much higher than 
in the Pressley zero gauge length test. Therefore, 
although the spiral angle is of high importance in 
determining the strength of a fiber at any particular 
point, the final or ultimate breaking strength of a 
cotton fiber along its entire length is determined by 
the presence or absence of a weak point, and of 
course on the strength of that weak point. This 
hypothesis is further substantiated by the lack of 
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Fig. 1. Pressley strength at zero gauge length versus X-ray 


angle of 16 experimental cottons. 
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correlation between the spiral angle and Pressley 
bundle strengths at 5.0-mm. gauge length where 
once again the presence of a weak spot along the 
fiber length becomes predominant. 

The high degree of correlation between extensi- 
bility properties of cotton fibers and the spiral angle 
is of extreme interest and confirms the work of 
Hertel and Craven [5] on bundle extensibility prop- 
erties. This can be seen in Figures 3 and 4 where 
the single fiber elastic modulus and the single fiber 
breaking elongation are plotted against the X-ray 
angle. The high correlation coefficients indicate the 
dependence of the extensibility properties of cotton 
fibers on the spiral angle. The importance of the 
X-ray angle has long been recognized in cotton 
fiber breeding research; however, it is extremely 
important to note that the fiber extensibility prop- 
erties, such as the elastic modulus and the breaking 
elongation, are dependent upon spiral angle. The 


ultimate fiber breaking strength at finite gauge 
lengths is not wholly a function of the spiral angle 


but rather is dependent upon the occurrence of weak 
points along the fiber length. 

It is also noteworthy that the correlation between 
the X-ray angle and the count-strength-product of 
36’s carded yarns is significantly higher than that 
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BREAKING STRESS, megagroms fom? 


30 34 


X-RAY ANGLE 


Fig. 2. Single fiber breaking stress versus X-ray angle of 
16 experimental cottons. 
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Fig. 3. Single fiber elastic modulus versus X-ray angle of 
16 experimental cottons. 


of single fiber breaking stress against X-ray angle. 
This indicates the greater importance of the fiber 
extensibility properties in the yarn behavior rather 


than the ultimate fiber breaking strength, and also 
indicates that the effective gauge length of a fiber in 
a yarn structure is very short. 
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Influence of Pretreatment on the Reactivity of 
Cotton as Measured by Acetylation 


Robert J. Demint and Carroll L. Hoffpauir 


Southern Regional Research Laboratory,’ New Orleans, La. 


Inasmucu as only a portion of the cellulose 
molecule is accessible to reagents producing chemical 
modification, it is necessary to swell the cellulose to 
permit reagent penetration. Various pretreating 
agents and conditions are known to influence the re- 
activity of cellulose by penetration into the inter- 
micellar and intramicellar spaces of the cellulose 
chains. 

According to Heuser [5], water offers a means of 
leveling the reactivity of cellulose fibers which are 
morphologically as different as those of cotton, 
ramie, and hemp. The work of Blouin, Reeves, and 
Hoffpauir [1], using the pyridine acetylation reac- 
tion, demonstrates the increased reactivity of cotton 
fibers which are desorbing over those of the same 
moisture content which are absorbing moisture. 
Taylor and Owens [8] reported that an increase in 
the temperature of the glacial acetic acid used for 
presoaking increases the rate at which maximum 
acetylation is reached under constant conditions of 
acetylation. Malm and co-workers [7] investigated 
the activating effect of various liquids on cotton 
linters prior to acetylation. They found that pre- 
treatment with 10% sodium hydroxide, water, and 
formic acid all increase the reaction rate in com- 
parison to pretreatment with acetic acid. The ad- 
vantages of solvent-exchanged, decrystallized and 
mercerized cottons, without the interposition of a 
drying step, were demonstrated by Loeb and Segal 
[6] to be a means of retaining high reactivity. 

The present report describes a systematic in- 
vestigation of the effect of alcohol extraction, scour- 
ing, decrystallization, mercerization, wetting, cyclic 
rewetting, and excessive drying on the rate of acetyla- 
tion of a single lot of cotton. The cotton was used 
in the form of yarn, cut sliver, fabric, and finely 
ground sliver to ascertain the effect of textile form, 
alone, and in combination with pretreating agents. 


1QOne of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, United States 
Department of Agriculture. 


Sample Preparation and Pretreatments 


The fiber properties of the Deltapine cotton used 
are listed in Table I. It was thoroughly blended 
and then processed with conventional textile equip- 
ment into sliver lap, 7s/3 yarn with a balanced 
mercerizing twist, and plain weave fabric. The 
fabric was woven from unsized 34s/2 warp and 
42s/2 filling yarns with 49 x 50 threads per inch 
and weighed 3.8 0z./sq. yd. 

Prior to acetylation the sliver lap was cut into 
l-in. lengths or ground to pass a 2-mm. mesh sieve 
of a Wiley mill * and then reground to pass a 1-mm. 
mesh sieve. The 7s/3 yarn was wound into loose 
skeins 18 yd. in length and the 34s/2 yarn was 
wound into 125-yd. skeins, each weighing about 
4g. The fabric was cut into 2 x 8-in. strips. All of 
these samples were conditioned from the dry side 
in a standard atmosphere, 70° F. and 65% R. H., 
immediately before acetylation. 


TABLE I. Fiber Properties of Cotton 


Property 
Length 
Fibrograph 
Upper half mean, in. 
Uniformity ratio 
Suter-Webb array 
Upper quartile, in. 
Mean length, in. 
Coefficient of variation, % 


Strength 
Pressley Index 


Fineness 
Weight fineness, yg. /in. 
Micronaire, scale units 
Arealometer, specific area 


Maturity 
NaOH method, % 88 


2 Mention of names of firms or trade products does not 
imply that they are endorsed or recommended by the U.S. 
Department of Agriculture.over other firms or products not 
mentioned. 
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Portions of the yarn and sliver lap were Soxhlet 
extracted overnight with 95% alcohol and air dried 
at room temperature to remove most of the alcohol. 
These materials were then extracted overnight with 
distilled water and again air dried to prepare the 
alcohol and water extracted samples. Another por- 
tion of the yarn was scoured by boiling for 1 hr. in 
a 2% sodium hydroxide solution containing 0.2% 
Aerosol. This treatment was followed by thorough 
washing to remove alkali, after which the yarn was 
air dried. 

Decrystallized yarns were prepared by treatment 
in a pilot plant reactor [3] with ethylamine for 
about 4 hr., followed by cold water washing. After 
decrystallization the yarns were separated into two 
groups, one of which was allowed to air dry while the 
other was kept wet in ice water overnight. An un- 
treated control yarn was also kept wet with ice 
water overnight before acetylation 

Mercerization was accomplished by immersing the 


4 


yarns for about 5 min. in 22% sodium hydroxide 


solution containing 1% Alcomerse. The yarns were 
squeezed and rinsed several times in tap water, 
soured with 3% acetic acid, rinsed with distilled 
water, and air dried. 

In order to evaluate the effect of wetting and 
cyclic rewetting, a series of the yarn samples were 
wet with water containing 0.2% Aerosol, Soxhlet 
extracted overnight with water, and air dried. The 
yarns were exposed to wetting and drying in this 
manner for 1, 6, or 12 cycles prior to acetylation. 

For simple wetting, the yarns were immersed in 
boiling water for 10 or 30 min., allowed to soak 
overnight, and then air dried. Some samples were 
immersed in boiling water for 5 min., squeezed be- 
tween rolls, immersed for an additional 5 min. and 
again squeezed between rolls and allowed to air dry 
to simulate the two-dip, two-nip treatment used in 
textile mills. Other yarn samples were excess’ -ely 
dried by heating them for 5 hr. in a forced draft 


oven at 105° C. 


Acetylation 


In order to evaluate the effect of the foregoing 
pretreatments on the reactivity of cotton, the samples 
were acetylated by a modification of the procedure 
employed by Greathouse et al [4] in their studies on 
the heat of acetylation of cotton. In this procedure 
4-g. samples (conditioned at 70° F. and 65% R.H.) 
were presoaked for 1 hr. in 300 ml. of water-free 


291 


acetic acid contained in glass-stoppered Erlenmeyer 
flasks immersed in a bath maintained at 25.0° C. 
At the end of the presoak period, 100 ml. of acetic 
anhydride (also at 25.0° C.) and 8 ml. of a freshly 
prepared solution of perchloric acid in acetic acid 
were added successively. The perchloric acid solu- 
tion was prepared by diluting 20 ml. of 60% per- 
chloric acid with 100 ml. of acetic acid, chilling and 
adding sufficient acetic anhydride to combine with 
all of the water present, followed by dilution to 200 
ml. with acetic acid. This results in a catalyst con- 
centration of 0.18% in the reaction solution. The 
reaction was stopped at the predetermined time in- 
terval by filtering off the acetylation solution and 
washing the sample by repeated periods of soaking 
in fresh portions of distilled water, after which the 
sample was air dried. Sub-samples of the acetylated 
cotton were dried in a vacuum oven at 70° C., while 
purging with dry air, and analyzed for acetyl con- 
tent by the Eberstadt method as modified by Genung 
and Mallatt [2]. 

Although a drop in temperature of about 1.6° C. 
occurs when the acetic anhydride is mixed with the 
acetic acid, a rise of about 1.1° C. is caused by the 
addition of the catalyst. This difference is com- 
pensated by the heat of acetylation and through 
absorption of heat from the constant temperature 
bath. 
in the acetic acid, much larger temperature increases 
occur due to the heat evolved in the rapid reaction of 
water with acetic anhydride in the presence of per- 
chloric acid. The data in Table II show that small 
quantities of water in the acetic acid also increase the 
degree of acetylation of the cotton. This is probably 


If even small quantities of water are present 


due to a faster rate of acetylation, resulting from 
heat being evolved by hydrolysis of the acetic anhy- 


TABLE Il. Effect of Water in Acetic Acid on the Degree of 
Acetylation of Cotton Yarn, Acetylated 
3 Hr. at 25.0° C. 


Water 
content 
of acetic 


Acetyl content 
of acetylated 
cotton 

acid (moisture-free 
(Karl Fischer), cellulose), 
Acetic acid % % 


0.17 20.8 


Reagent grade 


Reagent grade with 


1% added water 1.12 37.9 


Reagent grade refluxed 
with acetic anhydride 
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dride faster than it is dissipated to the constant tem- 
perature bath. In order to obtain reproducible 
acetylations, it was necessary to remove all water 
from the acetic acid by refluxing reagent-grade acetic 
acid overnight with sufficient acetic anhydride to 
combine with all the water present. After treatment, 
the absence of water was determined by analysis 
with Karl Fischer reagent. When water was not 
present, the acetylation procedure was found to give 
reproducible results. For example, duplicate sam- 
ples of raw yarn and of cut sliver were acetylated at 
each of six levels over the range of 8 to 26% acetyl. 
Analysis indicated that the reproducibility of the 
acetylation was better than 4% of the determined 
values. 


Results 


Data obtained on the effect of the textile form of 
cotton on the rate of acetylation are plotted in 
Figure 1. Little or no differences in the reactivity 
were observed for the 1-in. cut sliver lap, the raw 
34s/2 yarn, and the fabric. The bulkier 7s/3 yarn 


reacts at a somewhat faster rate, whereas the ground 
sliver shows a definitely lower reactivity than the 
A possible explanation of these varia- 
tions in reactivity postulates a greater retention of 
the heat evolved on reaction by the yarn, sliver, and 


above group. 


fabric than by the ground cotton so that the reaction 
occurs at a higher temperature. In any event it is 
clearly apparent from the data that differences in the 
textile form of cotton can have a marked effect on 
the rate at which it reacts with acetic anhydride in 
the presence of perchloric acid. 

The influence of wetting, cyclic rewetting, and ex- 


PERCENT ACETYL, MOISTURE-FREE CELLULOSE 


200 
TIME, MINUTES 


Fig. 1. Effect of textile form. 1. 7s/3 yarn, 2. Sliver lap 
(1-in. cut), 3. 34s/2 yarn, 4. Fabric, 5. Ground sliver lap. 
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PERCENT ACETYL, MOISTURE-FREE CELLULOSE 


TIME, MINUTES 


Fig. 2. Effect of wetting, cyclic rewetting and excessive 
drying. 1. Raw yarn; 2. Excessively dried yarn; 3. Wetted 
yarn, 1 cycle; 4. Rewetted yarn, 6 cycle; 5. Rewetted yarn, 
12 cycle; 6. Simple wetted yarn. 


cessive drying of cotton on its reactivity is illustrated 
by the data in Figure 2. It is apparent that any 
prolonged heating of cottons at elevated temperatures 
is detrimental to its reactivity. The experiment on 
cyclic rewetting of the yarn was designed to estab- 
lish if there was any change in reactivity of cotton 
as a result of exposure to alternate periods of swell- 
ing and drying. Curve 3 (Figure 2) shows that 
wetting of cotton greatly enhances its reactivity. 
Additional rewetting (curves 4 and 5) has little, if 
any, effect on the rate of acetylation over that ob- 
tained from a single wetting cycle. The use of a 
water-boil of cotton prior to acetylation was rec- 
ommended by Thaysen [9] in his patent on the 
partial acetylation of cellulose fibers and fabrics. 
The data plotted in curve 6 (Figure 2) demon- 
strate that a short boil, followed by an _ over- 
night soak, is as effective in increasing the reactivity 
of cotton as an overnight extraction. The other 
vai lations in the wetting procedure, namely extend- 
ing the boiling period to 30 min. and the two-dip, 
two-nip process, were also effective in increasing 
the rate of reaction. These last two wetting methods 
were tested only at the 20-min. time interval for 
which values of 23.8 and 26.6% acetyl were obtained. 

The data plotted in Figure 3 indicate strikingly 
greater acetylation rates for decrystallized, alcohol 
and water extracted, scoured, and solvent-exchanged 
decrystallized yarns as compared with raw yarn 
and greater for these pretreated yarns in the order 
listed. The effect of wetting the yarns with water 
incidental to these treatments, as well as the solvent 
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PERCENT ACETYL, MOISTURE-FREE CELLULOSE 


100 200 
TIME, MINUTES 


300 


Fig. 3. Effect of other pretreatments. 1. Raw yarn, 
2. Decrystallized yarn, 3. Alcohol and water extracted yarn, 
4. Scoured yarn, 5. Decrystallized yarn (acetic acid ex- 
changed from ice water), 6. Mercerized yarn. 


exchange of the samples with acetic acid, is probably 
responsible for most of the effect noted since an un- 
treated control yarn, which had been maintained 
wet overnight followed by acetic acid exchange, 
reacted to give 56.3% acetyl during 1 hr. of acetyla- 
tion. It has been pointed out by Loeb and Segal 
[6] that solvent exchange has a marked effect on 
both decrystallized and mercerized yarn. On the 
other hand, the mercerized samples, which were air 
dried rather than solvent exchanged, showed a lower 
acetylation rate than the untreated yarn. In addi- 
tion to the enhanced reactivity of certain pretreat- 
ments, there is an improvement in the percentage of 
original breaking strength retained after acetylation 
of scoured as compared with raw yarn. 

The combined effect of textile form and selected 
pretreatments is depicted in Figure 4, which com- 
pares the reactivities of yarn and ground sliver lap 
before and after pretreatment. The data indicate 
that differences in the rates of reaction of cotton, in 
the form of yarn or ground sliver, are still apparent 
even after alcohol and water extraction. 


Summary 


Differences in the reactivity of cotton as measured 
by perchloric acid catalyzed acetylation have been 
observed to depend on whether the cotton is in the 
form of fabric, yarn, sliver cut in 1l-in. lengths, or 
finely ground sliver. The differences observed were 
not eliminated by alcohol and water extraction. It 


is suggested that these differences may be due to 


@ i w & ew a 
° °o ° ° ° So 


PERCENT ACETYL, MOISTURE-FREE CELLULOSE 


°o 


100 200 
TIME, MINUTES 


300 400 


Fig. 4. Combined effect of textile form and pretreatment. 
1. Raw yarn, 2. Ground sliver lap, 3. Alcohol and water ex- 
tracted yarn, 4. Alcohol and water extracted sliver lap. 


greater retention of the heat of reaction within the 
structure of the yarns or fabrics, resulting in a 
higher reaction temperature. 

Pretreatments, such as scouring with low concen- 
trations of sodium hydroxide and alcohol and water 
extraction were found to increase the reactivity of 
cotton. Decrystallization also increased the reac- 
tivity but not as much as scouring or extraction. 
However, when decrystallization is followed by sol- 
vent exchanging the moisture with acetic acid with- 
out drying, the rate of acetylation is materially 
increased. There are indications that solvent ex- 
change would also supplement the increased reac- 
tivity brought about by other pretreatments. 

Among the simplest and easiest methods of in- 
creasing the reactivity of cotton is a treatment with 
boiling water for a short period. This can easily 
be accomplished by the conventional two-dip two- 
nip process in which the cotton is wet, squeezed be- 
tween rolls, rewet, and again squeezed. Experiments 
involving the repeated extraction of cotton with 
water indicated that cyclic rewetting has very little 
additional effect on the rate of acetylation of cotton. 
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Carbamoylethylation of Cotton with Acrylamide 
Jane W. Frick, Wilson A. Reeves, and John D. Guthrie 


Southern Regional Research Laboratory,’ New Orleans, La. 


In a preliminary study in which a number of acti- 
vated olefinic compounds were screened for reactivity 


with cotton [4], acrylamide, CH, = CHCONH,, 
was found to react readily with cotton fabric in the 
presence of a basic catalyst. 


The product was an 
ether, carbamoylethyl cellulose, formed by a base- 
catalyzed, Michael-type addition reaction similar to 
that which takes place in the cyanoethylation of cot- 
ton with acrylonitrile [5]. 

Acrylamide-treated cellulose is reported in the 
patent literature. In one process |7], alkali cellulose 
suspended in an organic solvent was treated with 
acrylamide at 50-140° C. Another process [2] in- 
volved treating celiulose with an aqueous solution 
containing acrylamide and 10-40% of a strongly 
alkaline material at 0-40° C. to give products which 
contained both carbamoylethyl and carboxyethyl 
groups. The products obtained in both methods 
were soluble in water or in dilute alkali. However, 
the authors have found that treatment of fabric with 
acrylamide can be carried out in a process in which 
the reagent and a low percentage of alkaline catalyst 
are applied from aqueous solution to give insoluble 
modified: cotton having good fabric properties. Car- 

1 One of the laboratories of the Southern Utilization Re- 


search Branch, Agricultural Research Service, U.S. Depart- 
ment of Agriculture. 


bamoylethylation of cotton by this method therefore 
appears to be a convenient means for modifying cel- 
lulose to give useful fabrics. The purpose of this 
study was to determine some of the factors involved 
in the preparation of carbamoylethyl cellulose, and 
to evaluate some of the properties of carbamoylethyl- 
ated fabric. 


Methods and Materials 


Cotton fabric was carbamoylethylated by impreg- 
nating it with an aqueous solution containing acryla- 
mide and an alkaline catalyst, and heating in an oven. 

The fabric used was a 48 X 48 sheeting which had 
been peroxide-bleached in a continuous range with 
caustic pretreatment. 

The acrylamide used was a commercially prepared 
product. Although the compound is known to have 
toxic effects [1], it can be safely handled with 
ordinary precautions, such as use of rubber gloves 
and protective clothing. 

Sodium hydroxide and trimethylbenzyl ammonium 
hydroxide, Triton B,? were used as catalysts, but 
other strong bases could probably be used. 


2It is not the policy of the Department to recommend the 
products of one company over those of any others engaged 
in the same business. This name is furnished merely for 
convenience and information. 
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The fabric was impregnated with the treating solu- 
tion by means of a laboratory padder with 18-in. 
squeeze rolls. Heating of the fabric was in a vented, 
forced-air oven. 

Thorough water washing was used to remove un- 
reacted materials. 

Nitrogen content of the treated fabrics was de- 
termined by a standard Kjeldahl procedure. 

Since modified cotton containing acid groups will 
accept Methylene Blue, a basic dye, carbamoyleth- 
ylated fabrics were heated for 30 min. with 2% solu- 
tions of the dye as a qualitative means of determining 
if some carbamoylethyl groups had hydrolyzed to 
carboxyethyl groups during the processing. 


Experimental Results 


Influence of Variables 


In order to determine the influence of some of the 
variables in the carbamoylethylation process, a num- 
ber of small experiments, using approximately 30 g. 
of cotton fabric in each case, were run under condi- 
tions noted in Table I. Shown in Table I are figures 
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indicating the influence of acrylamide concentration, 
choice of catalyst, catalyst concentration, and tem- 
perature and time of drying on introduction of 
nitrogen and on retention of strip breaking strength 
by the fabric. Although the effect of each variable 
was not comprehensively studied over a wide range, 
a number of trends may be interpreted from the data 
in Table I. 

A comparison of Experiments 15, 19, and 21 in 
Table I shows that the amount of nitrogen intro- 
duced was greatly influenced by the amount of Triton 
B used as catalyst over the range from 5 to 15%, 
under the same conditions of drying. 
by Experiments 5, 


As indicated 
6, and 10, use of 5% sodium 
hydroxide as catalyst gave higher nitrogen values 
than use of 10% sodium hydroxide, and slightly 
higher efficiency than use of 2% sodium hydroxide. 
The efficiency values given in the table are the per- 
centages of acrylamide used which reacted with the 
cotton. 

It is apparent from Table I that in terms of solu- 
tion concentration, by weight, sodium hydroxide was 
a more effective catalyst at 2-5% than Triton B. 


TABLE I. Reaction of Acrylamide with 48 x 48 Cotton Sheeting 


Composition of aqueous solution 





Wet 
pickup, 


Triton 
B, 
% 


Sodium 
hydroxide, 


Acryl- 
amide, 


% 


48 
25 
25 
12.6 
25 
25 


Experiment 
No. 


5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


% observed nitrogen 


Olen nt 
Efficiency (% acrylamide) (0.197) (% wet pickup) ‘s 





Retention 
of strip 
breaking 
strength 
(warp), % 


Heating 
—_—_—_—_—_——_——_—— Nitrogen 
(dry basis), 

% 


Time, 


Temp., 
, min. 


i. 


Efficiency,* 

% 
125 
125 
125 
125 
115 
115 
115 
115 
115 
115 
115 
115 
115 
125 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 


93 


mm Ome 
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However, on a mole for mole basis, Triton B may 
be regarded as an efficient catalyst, since as much 
nitrogen was introduced with 0.06 mole (10% solu- 
tion) of Triton B catalyst as with 0.125 (5% solu- 
tion) of sodium hydroxide, and more nitrogen was 
introduced than with 0.25 mole (10% solution) of 
sodium hydroxide. (See Experiments 19, 6, and 
10.) 

The nitrogen values in Table I indicate unhy- 
drolyzed carbamoyl groups only; it is possible, espe- 
cially where 10% sodium hydroxide was used, that 
the total reaction was more extensive than is indi- 
cated by the nitrogen content. Dyeing tests with 
Methylene Blue showed evidence of some hydrolysis 
of the amide groups in samples where sodium hy- 
droxide was the catalyst. With 2% sodium hy- 
droxide the hydrolysis was very slight. Hydrolysis 
was not indicated by dye test in samples where 
Triton B was used as catalyst. 

The temperature at which the reaction is carried 
out apparently has more effect than the length of 
time held at a given temperature. A higher substitu- 
tion was obtained with 12.6% acrylamide at 125° C. 
for 6 min., than with 25% acrylamide at 115° C. 
for 10 min. By comparison of Experiment 6 with 


8, 10 with 12, 15 with 17, and 19 with 22, it is ap- 
parent that heating for 5 min. at 115° C. introduces 
as much nitrogen as heating for 10 min. at the same 
temperature. 


Either the reaction was no more ex- 
tensive after 10 min. than after 5, or the longer heat- 
ing favored hydrolysis. 

In general, the efficiency of the reaction falls off 
as the concentration of the acrylamide is increased. 
This is apparently true whether sodium hydroxide 
or Triton B is used as catalyst. 
1, 3, 21, and 24:) 

It may be noted that the fabric treated with a solu- 
tion of 25% acrylamide and 4% sodium hydroxide 
and dried 4 min. at 125° C. (Experiment 3) had 
approximately the same degree of substitution (0.22 
— CH,CH,CONH, groups per anhydroglucose 
unit) as obtained by Daul, Reinhardt, and Reid [3] 
in partially cyanoethylating cotton by heating sodium 
hydroxide-treated yarn for 30 min. with a 25% 
solution of acrylonitrile in benzene. 

Bréaking strength data in Table I indicate that the 
treatment does not appreciably lower the strip break- 
ing strength of the fabric. Sodium hydroxide- 
catalyzed reaction products showed slightly less 
strength retention than Triton B-catalyzed samples. 


(See Experiments 
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Application on a Small Pilot Plant Basis 


A larger scale treatment based on the information 
in Table I was made to enable more complete 
evaluation of fabric properties. Although Triton B 
appeared to have advantages as a catalyst, sodium 
hydroxide was used because of its availability and 
low cost. A 10-yd. length (18 in. wide) of 48 x 48 
cotton sheeting was padded with a solution contain- 
ing 50% acrylamide, 4% sodium hydroxide, and 
46% water to a wet pickup of 89%. A control 
fabric was padded with an aqueous 4% sodium 
hydroxide solution to a wet pickup of 79%. Both 
fabrics were drawn through an oven heated with 
steam at a rate such that the fabric was subjected to 
135° C. heat for 4 min. The fabric was washed on 
a winch, using cold water, then hot water, and dried 
in the steam oven. Total weight add-on by the 
carbamoylethylated fabric was 10.9%. Nitrogen 
content was 2.39%, which corresponds to a substitu- 
tion of approximately 1 carbamoylethyl group per 
3 anhydroglucose units. This is of the same order 
as the degree of substitution obtained by Daul, Rein- 
hardt, and Reid [3] on reacting sodium hydroxide— 
pretreated yarn 30 min. with a 50% solution of 
acrylonitrile and benzene. 


Properties of Carbamoylethylated Fabric 


Table II gives some of the properties of the above- 
described carbamoylethylated fabric (2.39% nitro- 
gen), the sodium hydroxide control, and untreated 
fabric. Included also in Table II are results of tests 
made after each fabric had been laundered as pre- 
scribed in Federal Specifications CCC-T-191b 
Method 5556, which involves washing with a syn- 
thetic detergent, followed by an acid fluoride sour. 
The carbamoylethylation treatment had a slight ad- 
verse effect on some of the properties listed in Table 
II, and an advantageous effect on others. The 
carbamoylethylated fabric had about the same degree 
of stiffness as the control fabric; but tear strength 
and flex resistance as 
laundering were adversely affected. However, after 
10 laundry cycles, the carbamoylethylated fabric 
had higher abrasion resistance than the laundered 
control. 


abrasion measured before 


The Elmendorf tear strength was reduced 
by carbamoylethylation, but laundering reduces the 
tear strength of untreated and alkali-treated control 
fabrics more, percentagewise, than it does carbamoyl- 
ethylated fabric. 
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TABLE II. 


Fabric weight, oz./sq. yd. 
Thread count, warp X fill 
Strip breaking strength, warp  X fill, Ib. 
Elongation at break, warp X fill, % 
Elmendorf tear strength, warp  X fill, Ib. 
Before laundering 
After 5 laundry cyclest 
After 10 laundry cyclest 
Trapezoid tear strength, warp X fill, lb. 
Before laundering 
After 5 laundry cyclest 
After 10 laundry cyclest 
Flat abrasion, cycles 
Before laundering 
After 5 laundry cyclest 
After 10 laundry cyclest 
Flex abrasion, warp X fill, cycles 
Before laundering 
After 5 laundry cyclest 
After 10 laundry cyclest 
Stiffness, bending moment, warp X fill, * 104 in. Ib. 
Shrinkage,t warp X fill, % 


Crease recovery,§ warp X fill, % 


Physical Properties * of Control and Carbamoylethylated 48 X 48 Cotton Sheeting 


Sodium 
hydroxide 
treated 
control 


Carbamoyl- 
ethylated 
(2.39% 
nitrogen) 


Untreated 
control 
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451 X 426 
250 XK 191 
239 K 195 
9.2. X 3.7 
9.5 X 2.0 


843 X 754 
222 X 209 
151 XK 154 
8.6 X 2.9 
6.1 X 5.1 
45.1 & 43.0 


49.9 XK 42.0 46.3 X 43.2 


* Determined by methods in American Society for Testing Materials Standards for Textile Materials, 1954, unless other- 


wise specified. 

+ Federal Specifications CCC-T-191b Method 5556. 
t AATCC Standard Test Method 14-53. 

§ Monsanto Wrinkle Tester. 


TABLE III. 


Fabric 
Carbamoylethylated (2.39% N) 48 X 48 sheeting 
NaOH treated 48 X 48 sheeting 
Untreated 48 X 48 sheeting 
Cyanoethylated (3.4% N) 48 X 48 sheeting,t (5) 
Partially acetylated (7.5% acetyl) 48 XK 48 sheetingt 


Partially acetylated (16.5% acetyl) 48 X 48 sheetingt:{ 


Heat Resistance of Carbamoylethylated, Cyanoethylated, and Acetylated Fabrics 


Strip breaking strength (warp), %, 
retained* on heating at 160° for 





3 days 7 days 


1 day 


&? 65 56 
84 53 38 
77 49 32 
90 49 
70 45 26 
100 80 


* As calculated from the strength of the treated fabric before heating. 
+ Not from the same batch of 48 X 48 sheeting used in preparing the carbamoylethylated sample. 
t See Buras, E. M., Jr., Cooper, A. S., Keating, E. J., and Goldthwait, C. F., Am. Dyesiuff Reptr., 43, p. 207, Figure 7 


(1954). 


Heat Resistance 


The carbamoylethlated fabric had some heat re- 
sistance, as evidenced on being heated at 160° C. in 
a forced air oven for periods of 1, 3, and 7 days. Re- 
sults on the heat resistance test are given in Table 


III which also includes, for comparison, data on 
acetylated and cyanoethylated fabrics. From the 
data it appears that the amount of heat resistance of 
Although 


the strength retention after 7 days at 160° C. is not 


carbamoylethylated cotton is significant. 
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as high for the carbamoylethylated material as for 
a typical acetylated fabric of comparable construction 
at 16.5% acetyl, it is considerably higher than that 
of a fabric (7.5% acetyl) which has about the same 
degree of substitution as the carbamoylethylated 
fabric. 


Rot Resistance 


In soil burial tests, carbamoylethylated fabric con- 
taining 2.39% nitrogen showed no signs of mildew 
or rot after 7 days, in which time the control had 
disintegrated. However, after 18 days of burial, 
the carbamoylethylated fabric retained only 19% of 
its original breaking strength. These results do not 
suggest that carbamoylethylation at this degree of 
substitution has much value as a rot resistance treat- 
ment. It may be possible, however, to obtain greater 
rot resistance by increasing the degree of substitu- 
tion, by changing some of the processing conditions, 
or by using Triton B as catalyst, which minimizes 
the formation of carboxyethyl groups which may 
reduce the effectiveness of the carbamoylethyl. It 
should be pointed out that cyanoethylated cotton 
with less than about 3% nitrogen has little or no 
rot resistance. It is probable that rot resistance 
might be obtained by modifying the —C(O)NH, 
group by further reaction. 


Stability of Carbamoylethyl Cellulose to Laundering 


When carbamoylethylated fabric was boiled in 5% 
sodium hydroxide solution for $ hr., there was some 
cleavage of the ether linkage, and some conversion 
of carbamoylethyl groups to carboxyethyl groups. 
The alkali-boiled fabric had a maximum ion ex- 
change capacity of 240 meq./kg., which corresponds 
to a substitution of 0.04 carboxyethyl groups per 
anhydroglucose unit. It contained 0.46% nitrogen, 
which corresponds to a substitution of 0.06 car- 


bamoylethyl groups per anhydroglucose unit. Since 
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the fabric originally contained 2.39% nitrogen, these 
figures indicate that approximately 70% of the ether 
linkages were cleaved during the alkaline boil. This 
observation was expected since the Michael-type 
reaction is reversible and the conditions used here 
favored hydrolysis or reverse reaction. However, 
the carbamoyl group, —C(O)NH,, and the car- 
bamoylethyl ether, —O—CH,CH,C(O)NH, were 
both rather stable to less drastic alkali treatments. 
For example, they were found to be stable to three 
different types of laundering procedures, as indi- 
cated in Table IV. These laundering procedures 
varied from a neutral wash with a fluoride sour to 
a rather strongly alkaline wash using 0.5% soap 
chips and 0.2% sodium carbonate. Very little, if 
any, of the nitrogen was lost by these more practical 
washes. 

Analyses have also shown that very little hydroly- 
sis of the carbamoyl groups occur during a conven- 
tional vat dyeing. Some of the modified cotton, con- 
taining 2.39% nitrogen, was dyed with Brilliant 
Indigo 4BR Flakes (C. I. 1184), which contains 
bromine and nitrogen. The dyed fabric contained 
0.50% bromine and 2.31% nitrogen. By theoretical 
calculations based on the bromine figure, 2.28% 
nitrogen may be attributed to carbamoyl groups; 
this constitutes a 4.6% loss of nitrogen from the 
original 2.39%. 


Dyeing Properties 


Carbamoylethylated fabric dyed considerably 
darker than control fabric using a vat dye, Brilliant 
Indigo 4BR Flakes (C. I. 1184). The increased af- 
finity of carbamoylethylated cotton for vat dyes was 
also observed on dyeing with Ponsol Jade Green 
Supra D Double Powder. 

With Methylene Blue, the carbamoylethylated 
fabric stained only slightly darker than the controls. 
After hydrolyzing by boiling in 5% sodium hy- 





TABLE IV. Stability of Carbamoylethyl Cellulose to Laundering 


Nitrogen, dry basis, % 


Before ——_—__—_—— 


After laundering, cyclest 





laundering 3 5 


2.39 2.36 2.32 


2.32 


10 shrinkage testt 


After AATCC After AATCC 
wash* 


2.35 


2.40 


* AATCC Accelerated Washfastness Test 3A Tentative Test Method 61-54, modified by using 0.5% soap and 0.2% 


Na2CO3;; simulates commercial laundry procedure. 
t Federal Specifications CCC-T-191b Method 5556. 
t AATCC Standard Test Method 14-53. 
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droxide, the treated fabric dyed an extremely dark 
shade with Methylene Blue, indicating at least par- 
tial conversion of carbamoylethyl cellulose to car- 
boxyethyl cellulose. These same results were ob- 
tained using another basic dye, du Pont Basic Red 
4G. 

Using a mixed dye bath containing both Ponta- 
mine Fast Blue RRL 175%, a direct cotton dye, and 
Celliton Fast Yellow RRA, an acetate dye, the 
carbamoylethylated fabric showed an affinity for 
the cotton dye. After hydrolysis in boiling 5% 
sodium hydroxide, the treated fabric showed a dis- 
tinct resistance to the cotton dye, with only slight 
affinity for the acetate dye. Carbamoylethylated 
fabric was only faintly stained by an acid dye, 
Orange II, as were the controls. 


Partial Conversion of Carbamoylethyl Cellulose to 
Aminoethyl Cellulose 


Some of the carbamoylethyl groups were con- 
verted to aminoethyl groups by the Hoffman reac- 
tion using two techniques. In one case the car- 
bamoylethylated fabric was treated in an aqueous 
solution of sodium hypochlorite. This method 
caused considerable tendering of the fabric. In an- 
other case the conversion was carried out by padding 
the carbamoylethylated fabric in a dilute sodium 
hypochlorite solution (0.3 — 0.5% NaOCl) and then 
drying the fabric for 10 min. at 110° C. Approxi- 
mately 85% of the fabric breaking strength was re- 
tained by this method. The fabric converted by 
either technique would dye easily with Kiton Fast 
Red 3GLL, an acid dye. 


Summary and Conclusions 


Carbamoylethylation of cotton fabric was accom- 
plished by impregnating fabric with an aqueous solu- 
tion containing 50% acrylamide and 4% sodium 
hydroxide, and heating for 4 min. at 135° C. The 
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fabric contained carbamoylethyl groups which were 
stable to hydrolysis under standard laundering con- 
ditions. On boiling in 5% sodium hydroxide solu- 
tion, 70% of the ether groups were cleaved, and the 
remainder were hydrolyzed to carboxyethyl groups. 

The carbamoylethylated fabric showed good re- 
tention of strip breaking strength, a slight degree of 
rot resistance, and substantial heat resistance. The 


fabric could be dyed with Pontamine Blue RRL 
175%, a direct cotton dye, and with vat dyes without 
hydrolysis of the carbamoyl groups. The carbamoyl- 
ethyl groups could be partially converted to amino- 
ethyl groups by moistening with sodium hypo- 
chlorite solution, and then drying. 
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Hydrodynamic Factors in the Friction of 
Fibers and Yarns 


W. W. Hansen! and D. Tabor’ 
Stanford Research Institute, Menlo Park, Cal. 


Abstract 


Many investigations of the friction between yarns (or fibers) and cylindrical pins 
have been described. Most of these have involved lubricants or finishing agents of un- 
specified physical properties. Recently Lyne has described a study in which mineral oils 
of known viscosities have been used, and he has examined the effect of speed, viscosity 
and pre-tension. In this paper it is shown that his results may be explained on the 
assumption that, to a large extent, hydrodynamic lubrication exists between the yarn and 
the pin. Further experiments described here suggest that other factors, such as wetting 
angle may also be significant. However, the main new point brought out is the im- 
portance of hydrodynamic factors in the frictional behavior of yarns sliding over 


cylindrical surfaces. 


The Role of Hydrodynamic Lubrication 
in the Friction of Fibers and Yarns 


In studying the friction of textiles in the labora- 
tory, a widely employed technique consists in pass- 
ing the fiber or yarn over a cylindrical surface and 
measuring the initial tension 7, and the final tension 
T necessary to produce slip between the fiber and the 
cylinder. If the angle subtended by the fiber over 
the cylinder is 6, and a constant coefficient of friction 
p exists between the surfaces, the classical “capstan” 
equation may be applied. 

T = Toe 
With clean fibers this equation is found to be roughly 
true but there are discrepancies which Howell [4] 
has attributed to the variation of » with load. This 
leads to a more involved relation which in many 
cases appears to hold fairly accurately. 

In technological investigations the fiber or yarn 
is passed at a high speed over the pin and the ten- 
sions 7, and T are again measured. The “capstan” 
equation appears to hold though here again the 
Howell modification is sometimes better [5]. Al- 
though there is some disagreement among workers 
over the absolute values obtained, all workers have 
observed that the friction appears to increase with 


1 Senior research engineer. 
2 International Fellow, 1955-1956. Permanent address: 
Department of Physical Chemistry, Cambridge, England. 


increasing speeds. The great majority of these re- 
sults are obtained with fibers or yarns coated with 
size or a finishing agent, and Roder [6] has sug- 
gested that at high speeds the lubricant film is de- 
stroyed and the friction approaches that of the un- 
lubricated fiber. Lyne [5] has suggested that the 
fiber becomes warm and softens, so giving an in- 
creased area of contact. An alternative suggestion 
[7] has been made that at the high speeds and low 
loads used the lubrication is partly hydrodynamic 
and that the resistance to sliding arises to some ex- 
tent from the viscous resistance of the lubricant; 
under these conditions an increase in friction with 
speed is to be expected. 

Hitherto there has not been enough quantitative 
data to establish which of these explanations is most 
likely. Recently, however, Lyne [5] has carried out 
experiments on acetate yarns using lubricants of 
known viscosities, and it is now possible to make a 
more discriminatory examination of the results. It 
is well known that in hydrodynamic lubrication the 
velocity V has exactly the same effect as the viscosity 
Z of the lubricant : that is, if the velocity is increased 
by a factor 2, the frictional behavior is exactly the 
same as if the velocity had been kept constant and 
the viscosity had been increased by a factor 2, (as- 
suming that no other changes have been made in the 
system). Thus the friction should depend only on 
the product VZ. We may select from Lyne’s work 
a series of experiments in which the initial tension 
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T, was kept constant at 10 g. Then in comparing 
experiments, only the final tension T need be con- 
sidered. In Figure 1 the final tensions observed 
have been plotted against VZ for two types of ex- 
periments: (i) constant viscosity (44.7 cps.) and 
velocity varying from 10 to 400 m./min., (ii) con- 
stant velocity (100 m./min.) and viscosity varying 
from 2 to 183.9 cps. All the lubricants used were 
white mineral oils of various blends and the cylinder 
was of chromium, radius of curvature r = + in. 

When it is realized ‘that points A and B are nomi- 
nally identical experiments in the two series (V 
= 100 m./min., Z = 44.7 cps.), it is seen that the 
agreement is close over the whole range. This sup- 
ports the view that the friction is largely due to 
hydrodynamic effects. 

The fact that viscosity has the same effect as speed 
does not, however, mean that the lubrication is hy- 
drodynamic in the sense that this term is applied to 
the behavior of a well-lubricated journal bearing. 
If, for example, the fiber drags a fine meniscus of oil 
with it as it passes over the cylinder, the force to 
shear this meniscus would show a similar equivalence 
between speed and viscosity. 


The same might ap- 
ply if most of the friction arose from the stretching 


of globules of lubricant adhering to the fiber [5]. 
If these were the main sources of frictional resistance, 
we should not expect the frictional force to depend 
appreciably on the load. Lyne, however, finds at 
constant speed and viscosity, that for an initial load 
of T, = 1 g. the final tension T is 8.3 g., while for 


EGEND 
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0,000 
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Fig. 1. Plot of Lyne’s data for an acetate yarn sliding 
over a chromium pin of diameter + in. The final tension T 
in plotted as a function of the products VZ, where V is the 
velocity (meters/minute) and Z the viscosity (centipoises), 
the initial tension 7> being kept constant at 10 g. Two sets 
of data are included O constant Z, variable V ; X constant V, 
variable Z. A and B are nominally identical experiments. 


vz Vv meters/min Z centiporse 


Fig. 2. Plot of ratio T/T>o which is a measure of the 
coefficient of friction as a function of the product ZV. For 
a fixed value of ZV the coefficient of friction is higher the 
smaller the initial tension. 


an initial load of T,, = 40 g., the final tension is 122.2 
g. Thus the force to pull the fiber around the 
cylinder has increased from roughly 7.3 to 82.2 g. 

These data may be presented in a different way. 
The coefficient of friction (as distinct from frictional 
force) is some function of the ratio T/T,. If this 
is plotted against the product ZI)’, the results shown 
in Figure 2 are obtained. It is seen that the param- 
eter representing the coefficient of friction increases 
at smaller loads. This effect is associated by Lyne 
with the fact that for polymeric materials the coef- 
ficient of friction generally increases with diminish- 
ing load and this effect is incorporated in Howell’s 
modified equation. In what follows we shall show 
that this dependence of friction on load may be 
equally well ascribed to a true hydrodynamic effect. 
Furthermore, the treatment introduces the speed and 
viscosity as additional variables. 


Dimensional Analysis 


We shall, here, treat the hydrodynamic behavior 
of the system by the dimensional analysis used in 
conventional journal-bearing lubrication. In the 
latter case the coefficient of friction of the bearing is 
found to be a single-valued function of the dimen- 
sionless product ZN /P where Z is the viscosity, N 
the angular velocity of the journal, and P the 
nominal pressure on the bearing (load divided by 
projected area). In the present model the fiber is 
considered inextensible and is presumed to behave 
like a thin ribbon of negligible rigidity. The oil film 
is assumed to be trapped between this equivalent 
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ribbon and the cylindrical surface (Figure 3). By 
analogy with the treatment of the hydrodynamic 
bearing, the frictional force F due to the oil film may 
be taken equal to T —T,. In the experiments used 
the angle @ is almost 180° so that the resultant load 
W with which the fiber presses against the cylinder 
is very nearly equal to T+ T,. If r is the radius 
of the pin and / is the “hydrodynamic-width” of the 
oil film (see Figure 3), the mean pressure P over 
the oil film is proportional to W/rl. If V is the 
velocity of the fiber, the angular velocity N is pro- 
portional to /’/r. Then the dimensionless quantity 
analogous to ZN /P in bearing lubrication is propor- 
tional to 


rl V 
r= Z=:l 


-¥} Ww 


The effective coefficient of friction of the system 
which is also a dimensionless quantity is given by 


we ten S 


; _T=-T 
“i W 


 T+T 

This analysis implies that for all arrangements giving 
the same value of (7 l’/W), if the geometry of the 
system is not altered, the same value of » should be 
obtained. Assuming that, over the range of ex- 
perimental conditions used / is constant, this means 
that » should be a single-valued function of ZV /W. 


Effect of Velocity, Viscosity, and Initial Tension 


It is clear from Figure 1 that if Z2V/W and p 
are calculated from the data for constant viscosity- 


ti) 


To FeT-T, 


WeT+T, 


Fig. 3. Arrangement of yarn over cylindrical pin assum- 
ing the yarn behaves as a flexible ribbon of constant “hydro- 
dynamic width” 1. f 
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variable speed, and constant speed-variable viscosity, 
the agreement will be essentially the same as that 
given in Figure 1. No new correlation emerges. 

It is more instructive to compare two other sets of 
experiments described by Lyne, again using a chro- 
mium cylinder of radius } in. 

1. Constant viscosity (44.7 cps.) : constant ini- 
tial tension T, (10 g.): variable speed (10-400 
m./min.). 

2. Constant viscosity (44.7 cps.) : constant speed 
(100 m./min.): variable initial tension (1-40 g.): 
here the final tension ranges from 8 to over 120 g. 

In these two series one set of identical experi- 
ments (V = 100, Z = 44.7, T= 10) 
closely. 

Values of » and ZV /W have been calculated from 
Lyne’s data and are plotted in Figure 4. It is seen 
that over the most steeply varying portion of the 
curve (n= 0.4 to 0.7) the agreement is very good. 
The agreement at higher values of Z7/’/W is poorer. 
This may arise from a diminution in / at higher 
speeds. An alternative possibility is that it arises 
from centrifugal forces on the fiber which, at higher 
speeds, may reduce the effective pressure on the oil 
film. A crude calculation for the 200-den. filament 
used indicates that this would reduce the load on the 
film by about 0.15 g. at 400 m./min. This is far too 
small to account for the discrepancy observed. The 
error probably arises from the inherent crudity of 
the hydrodynamic model considered. In particular, 
in contrast to a journal and rigid bearing the geom- 
etry of the system presumably changes with the 
running conditions.® 

There are other dimensionless quantities in lubri- 
cation analysis which involve linear dimensions of 
the system. For example, r// is one, and in conven- 
tional bearings r/c (where c is the eccentricity) is 
another. It is not possible on dimensional argu- 
ments to suggest in what form these dimensionless 
quantities appear. However, by analogy with con- 
ventional bearings we may examine the assumption 
that » depends on a linear function of r if the hydro- 
dynamic width ] remains constant. In Figure 4 
results obtained by Lyne for cylinders of radius 7x, 
1, and } in. have been included. The values of p» 
have been calculated in the usual way. The values of 


agree very 


3 In a private communication Dr. Lyne has suggested that 
the discrepancy may be due to the fact that with the twisted 
yarns used in his experiments the continuity of the oil film 
is more frequently interrupted at higher speeds so that the 
viscous resistance is less. 
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Fig. 4. Effective coefficient of friction [(7T— To)/ 
(T+ To)] plotted as a function of VZ/W. Three sets of 
data are included: © Constant viscosity, constant pre-ten- 
sion, variable speed; (_] Constant speed, constant viscosity, 
variable pre-tension; A Constant speed, viscosity, pre-ten- 
sion, variable pin-radius. 


ZV /W have been multiplied by the relative radius 
(0.5 for ;g in., 1 for } in., and 2 for } in.). It is 
seen that the points lie very close to the general 
curve. This suggests that, for constant hydrody- 
namic width, the coefficient of friction p is a single- 
valued function of (ZV /W)r. 

Empirically the results of Figure 4 fit a law of 


the type 
l/n 
‘) 
where n is between 4 and 5. 
Roughness may be expected to affect the behavior 
mainly by reducing the effective hydrodynamic area 
of film supporting the load. Thus the shape of the 
curve relating » and ZV /W will be similar to that 
observed with smooth surfaces but the curve will be 
lower. Results quoted by Lyne for matt cylindrical 
surfaces confirm this conclusion. 


ZV 
ua kp 


If, of course, too 
rough a surface is used, the oil film may be penetrated 
with a subsequent increase in p. 

If other fibers are used and different values of p 
are obtained for a given lubricant, this may again be 
interpreted as arising from a change in the area of 
hydrodynamic contact. 


The Shape of the » — ZV /W Curve 


For a conventional bearing, » is directly propor- 
tional to ZV /W. For a conventional tilted pad, p is 
proportional to (ZV /W)*. The nearest approach 
to the fiber system discussed here is the flexible foil- 
bearing described by Blok [1]. In his experiments 
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and in his analysis Blok finds that » is proportional 
to A(ZV/W)*+ B(ZV/W)* when A and B are 
are suitable constants and where, in general, the 
first term predominates. Thus to a close approxima- 
tion, » should be proportional to (ZV /W)4. There 
are, however, two basic differences between the fliex- 
ible foil bearing and the fiber-cylinder arrangement. 
First, the foil bearing examined by Blok is subjected 
to heavy loads which are superimposed on the foil ten- 
sions. Consequently the variation in tension around 
the bearing is relatively small and Blok is able to 
treat the pressure in the oil film as almost constant 
around the bearing. In the present system there 
is a much larger relative variation in tension around 
the cylinder and this in turn must produce a marked 
variation in oil-film pressure. Second, in the flexible 
foil bearing there is little “side leakage” of oil. By 
contrast, in the present system, “side leakage” must 
presumably be important. 

It is interesting to consider the behavior to be 
expected if the main part of the load-carrying ca- 
pacity of the system arises from side leakage, that is, 
from the lubricant being squeezed out sideways from 
the edges of the fiber. Ignoring any variation in 
pressure around the cylinder (see above), it is easy 
to show that the coefficient of friction should at first 
increase as (Zl’/W)* and then become linearly 
proportional to ZV’ /W. Since this is not observed 
and in particular the friction coefficient increases 
little with ZV /W for high values of ZV /W, it was 
considered that this might be due to a decrease in 
viscosity as a result of viscous heating of the mineral 
oil. If this were so, we should expect a steeper 
slope in the ZV /W curve if a lubricant with a 
smaller viscosity-temperature coefficient (e.g., a sili- 
cone) were used. 


Experimental Examination of » — ZV /W Relation 


With this in mind a simple apparatus was con- 
structed to measure the friction between a fiber or 
yarn and a steel cylinder. In Lyne’s experiments 
a very great length of yarn was used on a standard 
Buckle and Pollitt friction apparatus [2]. As this 
was not practical a continuous loop of the yarn was 
used. The arrangement is shown in Figure 5. The 
loop of fiber or yarn is driven by the steel shaft 4. 
It passes over the fixed pulley B and the floating 
pulley C and then over the cylinder D. The cylinder 
D is mounted on a shaft supported between a pair of 
accurately aligned ball bearings and on the same 
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Fig. 5. Apparatus used to measure friction between a yarn 
or fiber and a cylindrical surface D. 


shaft a heavy flywheel is mounted to smooth out 
frictional fluctuations. An arm is fixed to the shaft 
and a dial gauge attached to it. In this way the 
torque is determined. The shaft A is partly sub- 
merged in a pool of lubricant and a wiper E removes 
excess fluid. 
the cylinder D is nearly 180° so that the torque pro- 
vides a measure of T—T,. If the load on the 
floating pulley is X and if it floats stably and its 
friction is negligible, the tension on both sides of 
the pulley must be equal: hence T, = X/2. In this 
way the total normal force W on the cylinder may 
be readily calculated since 


W =T+T, =(T —T,)+ 2T, =(T—-—T,)+X 


Resuits 


Some experiments were carried out with a 200-den. 
nylon yarn and also with some nylon and Dacron * 
monofilaments of diameter 4 to 10 mils. In the first 
series of experiments the fibers and yarns were 
treated in a Soxhlet with petroleum ether to remove 


3 Du Pont polyester fiber. 


The angle subtended by the yarn over, 
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surface contaminants, and all the parts of the ap- 
paratus in contact with the fiber were carefully de- 
greased. The frictional behavior as a function of 
speed and load was then compared with that ob- 
served when white mineral oils of various viscosities 
were used. 

With the monofilaments, when the surfaces were 
unlubricated, the coefficient of friction increased with 
increasing speed and diminished at higher loads. 
Lubricants modified the frictional behavior but the 
changes were not very large. It is probable that the 
monofilaments are too rigid and the region of con- 
tact too restricted for the hydrodynamic effects to be 
appreciable. 

With the nylon yarn, however, a frictional be- 
havior very strongly dependent on lubricant vis- 
cosity was observed. Some results showing the 
variation of » with speed are shown in Figure 6 for 
the degreased yarn and for the yarn when lubricated 
with two white mineral oils, oil E of viscosity 135 
cps. at 25° C. and oil A of approximately one 
quarter the viscosity. The initial tension was 8.5 g. 
When these results for the lubricated yarn and 
others obtained at an initial tension of 28 g. are 
plotted as » [w= (T—T,)/(T+T,)] against 
ZV /W, the curve in Figure 7 is obtained. The 
shape of this curve is of the same form as that given 
in Figure 4 except that the index m in the relation 
p= (ZIV /W)"" is about 2.6 over the range of data 
shown. 


a 


Ow a 
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Coefficent of Friction 


20 30 = 40 50 60 70 80 
Velocity (meters / min) 


Fig. 6. Friction of 200-den. nylon yarn over a steel 
cylinder of diameter 4 in., as a function of speed. Initial 
tension 8.5 g. Oil E is a white mineral oil of viscosity 135 
cps. at 25° C.; Oil A a similar oil of about one quarter the 
viscosity. 
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In order to see if the effect of viscous heating on 
the viscosity of the oil is important, similar experi- 
ments were carried out using a silicone oil of com- 
parable viscosity (80 cps. at 25° C.). As is seen 
in Figure 7, a curve of the same shape is obtained but 
the frictional values are all appreciably less. 

The low friction observed with the silicones is 
surprising since in general silicones are considered 
poor lubricants. Some direct measurements of the 
friction between bulk nylon specimens were therefore 
made on a modified form of the Eldredge [3] friction 
apparatus. The upper surface was in the form of a 
hemispherical slider, the lower in the form of a flat 
plate. This gives a high specific loading: in con- 
junction with the slow sliding speeds used this en- 
sures boundary conditions when lubricants are used. 
The surfaces were freshly abraded before each ex- 
periment and measurements were carried out over 
a load range of 20 to 2000 g. A consistent diminu- 
tion in the coefficient of friction with increasing load 
was observed. Over the load range 20-100 g. the 
results obtained are shown in Table I. Thus as a 
boundary lubricant the silicone is not superior to 
the mineral oil; at heavier loads it even gave slightly 
higher coefficients of friction than the mineral oil. 

The results of Figure 7 show two things. First 
the shape of the » — ZV’ /W curve is not affected ap- 
preciably by the temperature-viscosity characteristics 
of the lubricant. The intrinsic shape resembles that 
obtained by Blok for the flexible foil bearing in 
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Fig. 7. Effective coefficient of friction of a 200-den. nylon 
yarn over a steel cylinder of diameter 4 in. as a function of 
ZV/W. The white mineral oil gives appreciably higher 
values of friction than a silicone of comparable viscosity. 
When the yarn is treated with perfluorodecanoic acid, the 
silicone values more nearly approach those obtained with the 
mineral oil. 
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TABLE I. Friction of Nylon at Slow Sliding Speeds 
(0.01 cm./sec.) over Load Range 20 to 100 g. 


Coefficient of friction 


Silicone 


Mineral oil 


Surfaces Clean 
Nylon sliding 


on nylon 0.36-0.42 0.25-0.28 0.25-0.28 
Nylon sliding 


on mild steel 


0.36-0.42 0.28-0.29 0.29-0.30 


spite of the experimental differences described above. 
Second, a poor boundary lubricant such as a silicone 
may give a lower friction than a mineral oil of the 
same viscosity. This supports the view that boun- 
dary lubrication is not an important factor in the 
system considered. The difference in friction would 
seem to be due to the contact angle between oil and 
fiber, the extent to which wetting can occur around 
the regions of contact, and the effective “hydro- 
dynamic width” of the yarn. 

To test this the yarn was immersed in a dilute 
benzene solution of perfluorodecanoic acid. The 
adsorbed monolayer of the acid appreciably increases 
the contact angle of the silicone. Measurements of 
the friction of the treated yarn showed that for the 
mineral oil the friction was scarcely changed; for 
the silicone the values of » were all raised toward the 
mineral oil results. It was not possible to make con- 
tact angle measurements on the yarn but on bulk 
nylon treated with perfluorodecanoic acid the white 
oil gave a contact angle of 65°, the silicone a contact 
angle of 45°. Both mineral and silicone oils gave 
small contact angles (about 5°) on untreated bulk 
nylon. Further work on this aspect is highly de- 
sirable. 


Discussion 


In this paper the friction of a lubricated yarn or 
fiber sliding over a cylindrical surface had been con- 
sidered in terms of the load, speed, and iubricant- 
viscosity. W§uth monofilaments the behavior is not 
markedly dependent on the viscosity of the oil used. 
With yarns, however, the results suggest that over 
a very wide range the behavior is dominated by 
hydrodynamic factors. It is, however, clear that at 
sufficiently heavy loads or low speeds (low values of 
ZV /W) hydrodynamic lubrication cannot exist and 
the behavior will be determined by the ordinary 
rubbing-friction characteristics of the materials. As 
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Fig. 8. Schematic variation of coefficient of friction with 
ZV/W ; the rubbing friction is superceded at higher values 
of ZV /W by hydrodynamic lubrication. 


the parameter Z/’/W is increased, the load carrying 
capacity of the oil film increases. Consequently the 
contribution from rubbing friction diminishes while 
that from hydrodynamic lubrication increases. The 
resultant behavior to be expected is shown schemati- 
cally in Figure 8; it is seen that a minimum in the 
resultant friction may occur if the relative shapes of 
the curves are appropriate. This type of behavior 
appears to be quite common in textile technology. 
Although the data provided by Lyne’s experiments 
fit adequately into a simple hydrodynamic model, 
there are a number of problems that have not yet 
been satisfactorily resolved. First, the shape of the 
n»—ZV/W curve is similar to that observed by 
Blok in his flexible foil bearing but there is a more 
marked flattening of the curve at high values of 
ZV /W; this does not appear to be due to viscous 
heating of the oil. Second, some experiments carried 
out in this laboratory show that a poor boundary 
lubricant such as a silicone may give a lower friction 
than a mineral oil of the same viscosity. It seems 
likely that this is connected with the contact angle of 
the oil and the yarn since the wetting angle will de- 
termine both the way in which the oil film forms 
between the surfaces and the “hydrodynamic width” 
of the ribbon. More work in both these directions 
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is clearly desirable. In addition, as Figure 6 shows, 
the unlubricated yarn shows a variation of friction 
with speed that resembles qualitatively the variation 
observed with lubricated yarn so that it would be 
desirable to determine to what extent the behavior 
of the yarn itself is imposed on the behavior of the 
lubricant film. Finally, it is evident that frictional 
heating, which has been ignored in this analysis, 
must influence the properties both of the yarn and 
of the lubricant. In spite of these reservations, the 
results described here emphasize a new point that has 
not been considered previously in the friction of 
yarns in technological processes: the importance of 
hydrodynamic factors and the role of the viscosity of 
the lubricant or finishing agent applied. 
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An Analysis of Tearing Failure 


Richard Steele and Irving J. Gruntfest* 
Textile Research Laboratory, Rohm and Haas Co., Philadelphia, Pa. 


Abstract 


The tearing failure of materials depends very strongly on the conditions of use or 


testing which produce the non-uniform tensile stress which causes such failure. 


In the 


trapezoid tear test, the stress pattern is determined largely by variables at the disposition 


of the operator. 


load is given by an equation of the form 


—_ ghle 
2 cota 


The effect of these variables on the tearing strength and the relationship 
of the latter to the shape of the force-elongation curve have been determined. 


The tear 


f(E) 


where g is the modulus, / is the thickness, L, is the gauge length, a is the trapezoid angle, 


and F is the elongation of the material at break. 


The form of the term f(£) is deter- 


mined by the shape of the force-elongation curve and has been calculated for the linear 
case and for cases yielding convex and concave curves. 

The validity of this equation has been evaluated with experiments on cotton and rayon 
fabrics in which gauge length, trapezoid angle, thickness and elongation were varied. 
The data are reasonably well fit by the equation using the form of f(£) calculated for a 


linear force-elongation curve. 


Tue mechanical failure of materials is complicated 
and depends very strongly on the conditions of use 
or testing under which it occurs. 
true of tearing failure. 


This is particularly 
The characteristic feature of 
the tearing process is that it is a response to a non- 
uniform tensile stress. If the stress pattern can be 
defined, it is then possible in principle to relate the 
behavior of the material to its performance under 
a uniform stress, as in the usual tensile test. 

The stress pattern around a tear in a test sample 
is determined first of all by the geometry of the test- 
ing arrangement. In some cases, such as the tongue 
tear test used in textile testing, the stress application 
at the actual tear locus may also be determined largely 
by the preliminary response of the fabric through 
yarn slippage, trellis distortion [7], or the like. In 
other tests, these factors are less important and the 
stress pattern is controlled to a greater degree by 
variables at the disposition of the operator. The 
trapezoid tear test is of the latter sort and lends 
itself to analysis if the reactions normal to the strain- 
ing direction are neglected. 


* Present address: General Electric Co., 3198 Chestnut St., 
Philadelphia 4, Pa. 


The origin of the trapezoid tear test appears to be 
rather obscure. The references cited by Millard [3] 
indicate that a test of this type was in use about the 
time of World War I among workers studying the 
properties of aircraft fabrics. The acute angle of 
the trapezoid then used was larger than the angle in 
the present standard test [1]. The only theoretical 
study of the test seems to be that of Hager, Gagliardi, 
and Walker [2], whose analysis resulted in an 
equation relating tear strength to extensibility and 
breaking strength. The treatment of the trapezoid 
tear test given in this paper is somewhat more de- 
tailed than that given by Hager, Gagliardi, and 
Walker and leads to some new relations between 
the geometry of the test and the tear strength. In 
particular, the angle of the trapezoid has been intro- 
duced as a variable and the dependence of the tear 
strength on the shape of the force-length curve has 
been calculated. Experimental examination of the 
arguments presented has been attempted, and some 
of them have been confirmed by satisfactory experi- 
ments on textile materials. Extension to tearable 
plastic films was unsuccessful due to difficulties in 


gripping the samples in the tester jaws so that they 
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would be held satisfactorily under the high local 
stresses developed during tearing. 

In contrast to the trapezoid test, the tongue tear 
test is carried out in a way which results in the actual 
geometry of the tear being determined more by the 
fabric’s properties than by the geometry of the test 
arrangement. The tongue test has been treated 
theoretically by Teixeira, Platt, and Hamburger [5]. 


Calculation 


The geometry of the trapezoid test is shown in 
Figure 1. <A trapezoid is drawn on the face of a 
3 X 6 in. rectangular sample. A snip } to 2 in. deep 
is made in the middle of the short side of the 
L, is defined as the length of the first 
uncut element at the end of this cut and is called the 
original gauge length. The sample is torn by clamp- 
ing it in a pair of parallel jaws along aa and bb, and 
applying a load in the direction shown. The element 
at L, is the first to fail, and the failure is propagated 
across the specimen as a tear in the «x direction. 
Other terms which need to be defined are 


trapezoid. 


J the jaw separation in the load direction, which 
is L, at the beginning of the test 

a the acute angle of the trapezoid 

h the thickness of the sample 

g the modulus of the sample 

F the load when tearing failure begins 

E the breaking elongation of the sample in a 
tensile test 


DIRECTION OF 
TEAR PROPOGATION 


DIRECTION OF __. 
LOAD APPLICATION 


a 


Fig. 1. Geometry of the trapezoid tear test. 
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The breaking elongation is assumed to be the same 
as that of individual strain elements (e.g., yarns). 
For the first element at L,, E = (L’—L,)/Lo, 
where L’ is its length at break. 

Assuming a force-elongation curve for a uniformly 
loaded sample of the form 


F = gh [+*| (1) 


where F in this case is the load per unit width, we 


may then write 
J - ; 
L, + 2x cota — i| - (2) 


dF = eh | 


as the contribution of an element at x to the total 
tearing force. 

Integration of Equation 2 from + = 0 to the value 
of x for the last element which bears any load at the 
time the first element just fails will give the tearing 
force which is expected. This critical condition is 
defined by J = L’ and the upper limit of x is found 
to be E L,/2 cot a. 

For values of m= 4, 1, and 2 the solutions of 


Equation 2 are, respectively, 


= Bhb 


ai + E) tan VE — VE] (3) 


C+ E)In (1+ BE) - E] (4) 


a 
* [E(2 + E) — 2(1 + E)In (1 + E)] (5) 


Experimental 


The equations derived above may be evaluated 
from the data obtained in the following two experi- 
ments. In the first, the tear strength of cotton and 
rayon fabrics was determined at different gauge 
lengths and trapezoid angles. In the second, two 
series of cotton fabrics were treated, one with for- 
maldehyde, the other with urea-formaldehyde resin, 
so that their breaking elongations were changed, so 
that the relation of this property to tear strength 
could be determined. 

The tear tests were done essentially by the 
A.S.T.M. procedure [1] except, of course, where 
gauge length and trapezoid angle were varied. All 
of the testing was done on the Scott IP-4 machine 


except for rayon samples whose tear strength was 
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greater than 50 Ib. These were torn on the Scott 
DS-2. The IP-4 was operated at a slow speed and a 
convenient carriage weight was used. This resulted 
in several rates of loading, but it was found in a 
separate experiment that the rate difference in the 
range used had no effect on the results. All of the 
testing was done on the warp direction; that is, the 
warp yarns were the ones that were broken. The 
facrics used were 80? cotton print cloth from the 
Textile Research Institute and an 80 x 64 rayon 
challis from Testfabrics, Inc. 
approximately 4 o0z./sq. yd. 
Turl [6] has pointed out that the interpretation of 
the autographic records obtained in tear tests is de- 
scribed somewhat ambiguously in the test procedures 
given in various standards. With the IP-4 inclined 
plane tester, a continuously increasing load is ap- 
plied to the test specimen. 


Both fabrics weighed 


When a tear begins in a 
thin flat fabric such as we have used, it usually 
In some cases 
a few yarns may be broken before a continuing tear 
begins, but it is the sharp break in the recorded 
curve which the latter produces that has been used 
to indicate tear strength in this work. Results ob- 
tained in this way are directly proportional to those 


moves rapidly across the specimen. 


obtained by tearing trapezoid samples in the Instron 
tester using an integrator to determine the average 
load during the first inch of the tear. With the two 
testers in this laboratory, the Instron results are 
0.83 + 0.04 of the Scott tester data. This relation- 
ship between these two techniques may be true only 
for light fabrics such as those used in these experi- 
ments. 

The tear strength of the cotton print cloth and 
rayon challis was determined at 5 trapezoid angles, 4 
levels of L,, and in thicknesses of 1, 2, and 3 layers 
of fabric. The data are given in Table I. The data 
from the two fabrics were subjected separately to 
analyses of variance whose results are summarized in 
Table II. The analyses were done separately, since 
from inspection of the data the variance with the two 
This 
The cotton data have a 
standard deviation of 0.93, while that of the rayon is 
373. 


fabrics did not seem to be homogeneous. 
turned out to be correct. 


However, the results with respect to the test- 
ing of variables are the same on the two fabrics. The 
level of acceptance for significance was set at 1%, 
the usual figure used in this laboratory. Each of the 
main effects, angle, gauge length, and thickness, are 


significant, as well as the interaction between angle 


TABLE I. Tearing Strength of Cotton Print 


Cloth and Rayon Challis 


Tearing strength, Ib. 


76° 
6.08 


14.80 
23.70 


Fabric ‘ 33 56° 65° 72° 


1.79 
4.10 
6.69 


1.39 
2.68 
5.40 


5.23 
9.90 
14.46 


1.75 
4.40 
6.63 


3.40 
7.26 
9.93 


4.95 
11.90 
14.79 


7.90 
15.20 
24.81 
Cotton 

2.72 
5.60 
6.87 


4.14 
7.84 
11.10 


6.23 
13.18 
18.90 


8.30 
14.86 
26.25 


3.02 
7.64 
6.21 


4.89 
8.14 
13.20 


6.80 
13.18 
21.87 


9.46 
18.81 
26.00 


3.16 
6.00 
10.00 


12.60 
23.10 
30.10 


20.20 
31.00 
46.00 


22.71 
46.00 
71.00 


3.80 
8.50 
11.60 


9.00 
17.25 
27.00 


13.60 
24.75 
35.90 


21.90 27.12 
46.80 52.00 
69.00 89.00 
Rayon 
5.60 
9.80 
15.45 


9.30 
15.50 
23.00 


13.16 
17.50 
43.80 


22.00 
46.00 
85.00 


22.28 


52.00 
95.00 


6.48 
13.90 
17.30 


8.36 
21.60 
30.00 


15.60 
24.40 
35.00 


15.60 
43.00 
52.00 


23.80 
62.00 
73.00 


TABLE II. Analyses of Variance of Tear Strength Data 


Mean squares 
Source of 
variance 


Degrees of 
freedom Cotton Rayon 
4637.68** 
265.85** 
3933.18** 
49.89 
12.24 
393.61** 
16.42 


Thickness (h) 2 
Es 3 
Angle (a) 4 
ax Ze 6 
Le Xa 12 
aXh 8 

Residual 24 

Total 59 


412.19** 
29.04** 
289.52** 
0.83 
0.51 
29.56** 
1.05 


Recalculated 


residual 42 0.865 


Standard 


deviation 0.930 


** Significant at 1% level. 





and thickness. The latter is 
the relationship between these. two factors in all of 


the equations derived above. 


to be expected from 


The confidence limits 
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indicated in Figures 2, 3, and 4 are + twice the 
standard deviation. 

The dependence of tear strength on @ at different 
levels of h is shown in Figures 2 and 3 for cotton 
and rayon. The slopes of the lines and their ratios to 
each other are as follows: 

Cotton Rayon 


Slope Ratio Ratio 


3.8 1.00 A 1.00 
7.8 2.05 a 2.19 
11.4 3.00 39. 3.19 


It can be seen that the effect of thickness agrees very 
well with the prediction of the derived equation, al- 
though this is essentially a trivial result. More sig- 
nificantly, the straight-line character of the curves in- 
dicate that the calculated dependence of tear strength 
on specimen angle is probably correct. The cotton 
data show deviations at low values of 1/(2 cot a) 
which are probably due to the inhomogeneity of a 
fabric in tearing, since the smallest strain element 
which can be independently loaded is a single yarn. 
The effect of varying L, does not show the predicted 
linear relationship passing through the origin, as 
shown by Figure 4. 

In the second experiment, two series of cotton 
print cloth samples were prepared. One series was 
treated with various amounts of formaldehyde, the 
other with various amounts of Rhonite R-2, a mono- 
meric modified urea-formaldehyde resin. The treat- 
ments were applied from aqueous solutions using 
ammonium chloride as a catalyst, and the samples 
were dried and cured on pin frames at their original 
dimensions. They were cured for 10 min. at 300° F. 

The print cloths used in the two sets of samples 
had different original breaking strengths and elonga- 
tions, and in each case these were reduced by a 
maximum of about 50%. However, with treatments 
of this sort on cotton the shape of the stress-strain 
curve and its slope at the breaking point are not 
changed beyond experimental error [4]. This makes 
it reasonable to assume that the fabric modulus is 
not changed by the treatment, and this assumption 
is made in the discussion below. 

The resin contents of the R-2 treated samples 
varied from 0 to 10%, and the formaldehyde series 
contained up to 0.25% bound formaldehyde. The 
breaking elongations of these treated samples were 
determined on an Instron tensile tester, using 4-in. 
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Fig. 2. Dependence of tear strength of cotton print 
cloth on trapezoid angle. 
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Fig. 3. Dependence of tear strength of rayon 


challis on trapezoid angle. 
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Fig. 4. Relationship of tear strength to gauge length. 
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raveled strip specimens, and their tear strengths 
were measured by the standard A.S.T.M. method 
on the IP-4. 

Figures 5 and 6 show the tear strengths of the 
two series of samples plotted against the functions 
of E given by Equations 4 and 5 above. A linear 
relationship is obtained in Figure 5, the case where 
m = 1, in spite of the fact that the shape of the ob- 
served force-elongation curves for these fabrics and 
their component yarns would lead one to believe that 
m should be nearer 2. The plot of this tear strength 
data against the function of E for m= 4 deviates 
from linearity in the opposite direction from that ob- 
served in Figure 6. 


Discussion 


The experimental results given above, especially 
the form of the observed dependence of tear strength 
on the trapezoid angle, give considerable support to 
the conclusion that the behavior of materials in the 
trapezoid tear test can be described by an equation 
of the form: 


F = BAL. sp) 


~ 2cota 


The term f(£) depends upon the shape of the force- 
elongation curve of the material, which in certain 
cases can be described by the parameter m in Equa- 
tion 1. As described above, data for cross-linked 
cotton fabric seemed to be fit best by f(£) for the 
case where m = 1, rather than for m =2, although 
the fabric did not show the linear force-elongation 
curve that m = 1 implies. The applicability of Equa- 
tions 3 and 4 may also be examined by determining 
the values of the fabric modulus (gh) from the slopes 
of the curves in Figures 5 and 6, using the best 
straight line in the latter case, and comparing them 
with the values obtained from the tensile data on 
these samples. This comparison is shown in Table 


III. Both equations are reasonably good for predict- 
ing the value of gh, although the calculation from 
tear strength for m= 1 again seems to agree with 
the result from the tensile data a little better than that 
for m= 2. The reason for this result is not clear, 
since the force-elongation curve for the fabric has 


a rather decided curvature. It is possible that the 
difficulty may involve the toe of the force-elongation 
curve which is usually associated with crimp removal. 
To eliminate the effect of crimp, an attempt was made 
to examine the dependence of tear strength on m 


TRAPEZOID TEAR STRENGTH (LBS) 


© HCHO TREATED 
@ RESIN TREATED 


40 
CUl+€)in (1+€)-E] x10" 
Fig. 5. Relationship between the tear strength and elon- 


gation of treated cotton print cloth plotted according to 
Equation 4. 


TRAPEZOID TEAR STRENGTH (LBS.) 


© HCHO TREATED 
@ RESIN TREATED 


CE(2+E)—2(I+E) in(i+E)] x10*% 


Fig. 6. Relationship between the tear strength and elon- 
gation of treated cotton print cloth plotted according to 
Equation 5. 
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TABLE III. Comparison of Fabric Moduli Calculated 
from Tear Strength and Tensile Strength 


gh (lb. per inch) 
Calc. from 
avg. tensile 

data 


Calc. from 
Treatment tear strength 

380 
3820 


460 
6,280 


Resin 


525 610 


Formaldehyde 8160 12,500 


using polymer films having suitable properties, but 
the samples could not be satisfactorily gripped in the 
tester jaws presently available to us. 

The calculated dependence of the tear strength on 
the shape of the stress-strain curve is fairly sub- 
stantial. The relative tearing strengths calculated 
for samples of materials having the same breaking 
strength and elongation but different values of m are 
given in Table IV for various ultimate elongations. 
At each elongation, the strength is given relative to 
the case for m= 1. In making this calculation, it is 
necessary to calculate f(£) from Equation 3, 4, or 
5 and then adjust the result to account for the fact 
that g is different in each case. It is apparent that 
the tearing strength depends strongly on m and that 
materials having the same breaking strength and 
elongation can have different tear properties if the 
shape of their force-elongation curves are different. 

The situation with regard to L, is rather un- 
satisfactory. One explanation for the lack of agree- 
ment could be that the distortion which occurs before 
the specimen begins to tear makes the actual de- 
termination of L, not so simple as assumed. The 
effect of the cross yarns, that is, the set not being 
torn, would be to limit the distribution of the load 
among the yarns being broken, and this would tend 
to make the tear load less dependent on the actual 


TABLE IV. Dependence of Tear Strength on the Shape 
of the Force-Elongation Curve 


Relative tearing strength for samples 
of equal breaking strength 


Elongation m=4 m=1 


1.33 
1.35 
1.36 
1.48 
1.81 
2.08 


0.01 
0.10 
0.20 
1.00 
5.00 
10.00 
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gauge length. In this case, the trapezoid tear test 
at longer gauge lengths would be like the tongue 
tear test in that the locus of the applied load would 
be determined by the structure of the fabric rather 
than by the nature of tester jaws. The actual gauge 
length in this situation would always be less than 
the nominal gauge length. 

To check the possibility outlined above, two fur- 
ther experiments were done. In one, the tear 
strength of cheesecloth as a function of nominal 
gauge length was determined. The extreme open- 
ness of this fabric should minimize any effect of the 
cross yarns. Testing fabric of this weight must be 
very carefully done to obtain satisfactory results. 
An Instron tester was used and the data obtained are 
plotted in Figure 4. The points fall on a straight 
line which does not go through the origin. It would 
appear that reducing the number of cross yarns in 
this manner has not improved the result. 

In another experiment, this relationship for cotton 
print cloth was rechecked very carefully using the 
Instron tester. The samples were carefully prepared 
to make sure that the initial yarn was not damaged 
and the jaws were especially faced to make sure 
that each individual yarn was gripped securely. 
From the Instron chart the load and extension at 
which the first yarn broke were measured. This 
load is the one actually calculated above. The aver- 
age load as the tear proceeded across the specimen 
was also obtained by use of an integrator. The re- 
Using the load at 
initial failure does not give better agreement with 
predicted behavior. 


sults are shown in Figure 7. 


The elongation is surprising. 
At low gauge lengths it is quite high but rapidly falls 
to below the tensile breaking elongation of the fabric, 


AVERAGE 
TEARING aii 
LOAD be 


TEARING LOAD (POUNDS) 
ELONGATION (PERCENT) 


2 3 ‘ 2 3 


GAUGE LENGTH (INCHES) GAUGE LENGTH (INCHES) 


Fig. 7. Load and elongation at initial failure in trapezoid 
tear test for cotton print cloth as a function of gauge length. 
The average load as the tear is propagated across the sample 
is also indicated. 
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which is about 12%. The initial high values may 
be due to penetration of the jaws even with the 
special precautions used and even though none was 
detectable by careful visual observation. However, 
it must be small and becomes less important as the 
gauge length increases. The eventual low level 
reached by the elongation could result from the 
shortening of the effective gauge length by the action 
of the cross yarns. In spite of the results with 
cheesecloth, this still seems to be the most likely 
explanation of the lack of agreement in the effect 
of L,. 


Conclusion 


A priori consideration of the trapezoid tear test 
indicates that the tear strength value it gives should 
be dependent on the force-elongation behavior of the 
tested material and the geometry of the sample ar- 
rangement. A straightforward analysis along these 
lines has led to an equation relating tear strength to 
parameters of these factors. An evaluation of this 


relationship with textile fabrics has shown that it is 
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a reasonably good expression for describing their 
behavior in this test. 
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Structural Imperfections in Ramie and Jute 
B. L. Banerjee and M. K. Sen 


Indian Jute Mills Association Research Institute, Calcutta, India 


Introduction 


Recently George [5], Wakeham and Spicer [18, 
19] have drawn attention to the “weak-link” theory, 
originally due to Peirce [14], and reported results in 
support of the view that the strength of a fiber is 
determined largely by its fibrillar and molecular 
imperfections. In the present work, variation in 
tensile strength of ramie and jute with increase in 
test length has been studied, and the degree of im- 
perfections in the fibers has been estimated, using 
the theoretical considerations due to Epstein [4]. 
In this regard, the effects of water and mercerization 
have also been investigated. 


Theoretical Considerations 


Mark [8] has shown from elementary proba- 
bility consideration that the variation in tensile 
strength with length of a filament or fiber is given by 

Si: = So- (1.1) 


a log, 


l 
lo 


where S, is the strength at any specimen length /, 
So the strength at a smaller length /o, and @ is a 
parameter denoting the degree of imperfection in 
the material. 

In,a more elaborate treatment due to Epstein 
[4], which assumes the strength of the regions of 
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imperfections to be normally distributed, it has 
been shown that the most probable strength x,* of 
the most imperfect region in a fiber of length / is 
expressed in the following equation: 


log. loge In + log. 4x 


ee 4 
x u — a(log.In)i+o 2(2 log, In)! 





(1.2) 


where u is the mean substance strength, o its stand- 
ard deviation, and m the average number of imper- 
fections per unit length. 

The cumulative frequency distribution of x, the 
strength of the most imperfect region in specimens 
of length / is 


G(x) = er" (1.3) 
where 
2 log. In)! , 
7 = PS” (x1* — x) (1.4) 
o 
From Equation (1.4) the theoretical mean strength 
and its standard deviation, for a fiber of length / 
may be written as follows: 
E(x) = x,* 


o 
"Bike eyt? 05) 


D(x) = (1.6) 


Co 
(2 log, In) 2“) 


where E and D denote, respectively, the mean (or 
expectation) and standard deviation of the variables 
involved. 

For a double exponential probability distribution 
function, viz. Equation (1.3), it is well known [3 ] 
that 


E(n) 0.57721 (Euler’s constant) 
and 


D(n) = x/N6 
Substituting these values of E(n) and D(n), and 
replacing E(x) and D(x) by the corresponding ex- 
perimentally determined values, Eo(x) and Do(x), 
respectively, the relations (1.5) and (1.6) reduce to 


Eo(x) = xy* — (2 logs Tay} X 0.57721 (1.7) 


us 


og 
mn = (2 log, In)! x V6 


ro 1 
loge i = v9 x De (x) 


12 — log. n 
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If now the mean tensile strength /o(x) and its 
standard deviation Do(x) for a fiber are determined 
at different specimen lengths, the values of ¢, m, and 
x,;* may be obtained graphically from relations 
(1.7) and (1.8). For example, if log,/ is plotted 


against Dela) on a graph, a linear relation is ex- 
e 


pected, from the slope and intercept of which ¢ and 
n may be calculated. x,* is then obtained from 
(1.7) and hence u from (1.2). 


Experimental 


The breaking strength is measured with a record- 
ing extensometer. A full description of the instru- 
ment which works on the principle of constant rate 
of extension has been given by Sikorski, Whewell, 
and Woods [17]. The instrument, a simplified 
sketch of which is shown in Figure 1, consists es- 
sentially of a flat spring clamped at both ends. A 
small balance arm straddles the spring at its mid- 
point. From one end of the balance arm, the fiber 
under test is suspended and at the other end is fixed 
a small mirror. The lower end of the fiber is held 
by a clamp on a stainless steel rod, which moves 
vertically at constant speed. A narrow beam of 
light is projected on the mirror and after reflection 
from it, falls on a reticulated glass plate ground on 
one side. This is fitted in a camera and may be re- 
placed by a photographic plate, if so desired. The 
camera is made to move horizontally, in proportion 


Fig. 1. Simplified sketch showing the essential parts of 


the extensometer used. A, Ground-glass screen; B, balance 
arm; Hi, He, upper and lower specimen holders; L, lamp; 


M, mirror; P, pinion driving system; R, stainless steel rod; 


S, horizontal spring (sectional view). 
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to the extension of the fiber. As the tension on the 
fiber increases due to downward travel of the stain- 
less steel rod, the balance arm with the attached 
mirror receives an angular tilt proportional to the 
tension, and the spot of light on the glass plate is 
shifted. The instrument is initially calibrated. 
Tests are performed at constant strain-rate of about 
10°*/sec. and the speed of the driving head of the 
extensometer is altered in accordance with the 
change in specimen length, in order that the above 
strain-rate may be maintained. 

Single fibers were carefully separated and cut into 
lengths 2 cm. greater than the actual test lengths 
required. The fibers were then conditioned at 75% 
R.H. and their individual weights taken on a micro- 
balance. The breaking load was determined on the 
extensometer, using 50 specimens for each sample. 
The lengths between grips were 2, 4, and 6 cm. for 
jute and 0.5, 4, and 12 cm. for ramie. The prevail- 
ing humidity around the extensometer varied be- 
tween 60 to 80% at the room temperature which 
was in the region of 25° C. Further conditioning 
of the samples mounted on the extensometer was 
felt unnecessary, since the effect of variation of 
humidity within the above range is negligible so far 
as the strength is concerned [2, 15]. 


Results 


The systematic decrease in tensile strength and 
standard deviation with increase in specimen length 
of both ramie and jute (Table I) tends to suggest 
that the mechanical behavior of the fibers is strongly 
influenced by the presence of imperfections. 

The number of imperfections n and the standard 
deviation o have been determined from Equation 
(1.8) and the graphs shown in Figure 2, and with 
these values, the most probable strength of the 
weakest flaw in different specimen lengths x,* has 


TABLE I. Mean Tensile Strength and Standard 
Deviation for Ramie and Jute Fibers 
Specimen 
length, 
cm. 


Mean Standard 
strength, deviation, 
Fiber g./den. g. 


5.35 
3.60 
2.82 


Ramie 


4.20 
3.91 
3.66 


Jute 


Fig. 2. Graphs for calculating the number of flaws per unit 
length n and standard deviation of flaw-strength ¢. 


been calculated, using the relation (1.7). Knowing 
n, o, and x,*, the mean substance strength » is ob- 
tained from Equation (1.2). For this purpose, the 
values of x,* at different lengths have been plotted 
against the function, —/'(1), where 


: log, log. In + log, 4x 
" = y B nae “:  naiitiatanae 
F(1) a (2 log, In) a 2(2 log. In)! 


The intercept made on the ordinate by the straight 
line gives the value of » (Figure 3). 


— 


-F(1) 


Fig. 3. Graphs for obtaining the substance strength inde- 
pendent of specimen length of the fibers u. 
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TABLE II. Values of , u, and o for Ramie and Jute 


n, B, o, 


Samples No./cm./den. —_g./den. g./den. 


8.30 


2.23 
2.05 


. Ramie in air 13.3 
. Jute in air 1 


. Ramie in water 9.30 .08 
4. Jute in water 3.2 16 


. Mercerized ramie 

in air 34 
. Mercerized jute 

in air 


. Mercerized ramie 
in water 

. Mercerized jute 
in water 


40.36 


31.50 


In the same manner as indicated above, the effect 
of water and mercerization on the number of flaws 
and the substance strength have been studied. The 
results are shown in Table IT. 


Discussion 
Native Ramie and Jute 


A ramie fiber viewed under an optical microscope 
shows transverse fissures [9]; in a jute fiber, simi- 
larly examined there are pits and orifices [10]. It 
is not known whether the fissures of microscopic 
dimensions are confined to the surfaces or extend to 
the interior of the cell walls. In the submicroscopic 
and molecular domains of both ramie and jute, the 
crystalline or particulate nature is suggested from 
the X-ray diffraction rings or spots, small angle 
scattering patterns and hydrolytic breakdown prod- 
ucts observed under the electron microscope. The 
regions of low order are on the other hand, strongly 
indicated in the absorption of moisture and hy- 
drolyzing agent, chiefly on the crystalline surfaces 
and the intercrystalline regions and background 
scattering in the diffraction patterns. The fibers 
are, therefore, composed of a coherent matrix of 
relatively high order or crystallinity with islands of 
low order. To cite an analogy, the high order 
regions or crystallites of the fibers are similar to the 
grains in metals with the associated imperfections in 
the grains and between them. The boundaries be- 
tween the crystals are, however, not as sharply de- 
fined as the grain boundaries of metals. 
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Recently, Wakeham and Spicer [18, 19] have 
suggested that in cotton the main source of weak 
spots is the region at which the fibrillar spiral re- 
verses its angular orientation. The authors have, 
however, concluded that there are weak spots also 
in the other regions along the fibrils. 

Comparing the results for ramie and jute (Table 
II), it will be seen that the number of imperfections 
in a given volume is much less in jute. Since the 
crystallites of jute do not appear to be more perfect 
compared with ramie [16] and the lateral dimension 
of the crystallites is smaller, as suggested from the 
width of the X-ray reflection [16] and measurement 
of particle size using electron microscopic [11] and 
X-ray small angle scattering methods [6], this tends 
to indicate that the intercrystalline regions of jute 
are relatively more perfect. The crystallites of jute 
are essentially built up of cellulose chains, perhaps, 
with an incorporation of some polyuronides and/or 
pentosan, in the form of mixed crystals [1]. It is 
yet an open question whether or not some molecular 
groups of lignin in the fiber take part in the forma- 
tion of the crystallites. There is no doubt, however, 
that at least a large part of it in combination with 
some hemicelluloses, polyuronides, and xylan, exists 
in a somewhat liquidlike structure, 61 account of 
which the X-ray diffraction pattern shows a rather 
strong diffuse halo [16] in addition to the crystalline 
cellulose reflections. The equatorial streak of dif- 
fuse scattering is also stronger in jute [16]. Re- 
cently, Heyn [7] has shown that in cellulose fibers 
of high crystallinity, such as “Fortisan” rayon, the 
crystallites are, in the dry state, close-packed, touch- 
ing one another; whereas, those in jute are regularly 
separated by regions of amorphous and/or noncel- 
lulosic components. (In rayons of lower crystal- 
linity, the microcrystallites may be: separated by 
amorphous cellulose.) Thus the intercrystalline 
regions of jute appear to be a framework of cellulose- 
lignin-hemicellulose instead of pure cellulose as in 
ramie or cotton. The intimate association of lignin 
and cellulose has been indicated very clearly in the 
electron micrographs of the cell-walls of sisal fiber 
due to Mihlethaler [13]. Recently, Mukherjee, 
Sikorski and Woods [12] in their work on electron 
microscopic study of cotton, ramie, and jute fibers 
have drawn attention to two types of hydrolytic 
breakdown: (1) particulate, as in cotton, ramie, etc. 
and (2) fibrillate, as in jute, and thereby indicated 
a difference in the noncrystallinity of the intrafibril- 
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lar and interfibrillar regions. Thus, in pure cellulose 
fibers the crystallites are rather loosely bound along 
and across the fibrils; while in jute, the intrafibrillar 
bonding is stronger than the interfibrillar. This will, 
perhaps, account for the observed difference in the 
degree of imperfection of the two types of fibers. 
As regards substance strength, independent of 
specimen length, and represented by p, jute is in- 
ferior to ramie. This may be ascribed to the differ- 
ence in the strength of molecular bonds involved in 
In this con- 
nection, it may be pointed out that in jute the non- 


the rupture of the two types of fibers. 


cellulosic constituents or at least a part thereof, are 
closely bound with the cellulose. 


Effect of Swelling in Water 


For ramie, the swelling does not produce ap- 


preciable change in the strength and imperfection; 
for jute, this causes an increase in imperfection and 
a decrease in strength. In this respect, ramie appears 
almost similar to jute only when the fibers are first 
mercerized and then treated with water. 

Since the imperfections, whether within or be- 
tween the crystallites, are related to the degree of 
order, the results tend to be in line with the ob- 
servation due to Heyn |[7| that the regularity of 
packing of microcrystallites is generally disturbed 
by the swelling treatment. In this regard, the dif- 
ference between jute and ramie may, perhaps, be 
explained by the difference in the chemical composi- 
tion of the fibers. 
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Effects of Cobalt 60 Gamma Radiation on the 
Physical Properties of ‘Textile Cords 


D. J. Harmon 
B. F. Goodrich Research Center, Brecksville, Ohio 


Abstract 


The effect of various levels of gamma radiation on some of the physical properties of 
Dacron,! nylon, cotton, Orlon,? Fiberglas, Celanese X-36, and rayon was measured. 
Properties studied were flex fatigue, creep rate, melt points, stress strain, and shrinkage 


tension. 


In general, the effect of radiation is to worsen the physical properties of the 


cords evaluated. Some improvement was found in the case of nylon where shrinkage 


tension and creep rate were reduced. 
damage is apparent from the test data. 


The relative resistance of the cords to radiation 
Studies in both air and vacuum show that oxygen 


is a strong contributor to the degradation of the physical properties in the presence of 


radiation. 


Introduction 


The purpose of this paper is to illustrate the 
changes in some of the physical properties of a 
group of textile cords when exposed to varying 
dosages of high-energy radiation. Previous reports 
have been primarily concerned with the effect of 
high-energy radiation on the chain structure of these 
materials rather than the effect on physical prop- 
erties. There has been disagreement as to whether 
some materials cross-link or degrade. For example, 
Lawton [5, 6] and Charlesby [3] have indicated 
that nylon cross-links and creep is thereby reduced, 
while Little [7] and Todd [9] favor degradation. 
Gilfillan and Linden [4] measured the effect of an 
8.4 < 10° roentgen gamma exposure and a 2.3 x 10" 
nvt neutron exposure on the stress-strain behavior 
of rayon, nylon, cotton, and Orlon yarns. They con- 
cluded “that all of the yarns were injured at the level 
of radiation used in this experiment. This does not 
prove that it is impossible to improve the strength 
properties of yarns by irradiation, but suggests that 
if such an improvement is possible, it will be found 
at lower doses than those used.” 

In an attempt to extend this work further and to 
ebtain more detailed information, ten different tex- 
tile cords were exposed to five different levels of 
high-energy gamma radiation. The changes in a 
variety of physical properties were measured. 


1Du Pont polyester fiber. 
2 Du Pont acrylic fiber. 


Experimental Methods 
Sample Selection 


The textiles chosen for study were high tenacity 
rayon, nylon 6, nylon 66, heat-set nylon 66, Dacron, 
Celanese X-36, Orlon, Fiberglas, and cotton. The 
selection includes most of the textiles in current use 


and offers a comparison of heat-set and non-heat-set 
nylon 66. 


Radiation Exposure 


It was decided to use 10° rep. (roentgen equivalent 
physical) as the minimum dose and 10’ rep. as the 
maximum dose since most polymeric material begin 
to show changes in physical properties at the lower 
dose and degradative effects at the upper dose. 
Doses chosen were 10°, 10°, 3 x 10°, and 10° rep. 
Irradiations were carried out in both vacuum and 
air since radiation is known to accelerate oxidative 
degradation. Seven yards of each cord were wound 
on small metal bobbins under a tension of about 2 Ib. 
The bobbins were wrapped in heavy aluminum foil 
and irradiated in a Cobalt 60 gamma ray source at 
room temperature. The flux of the Cobalt 60 source 
was 1.5 X 10° rep./hr. 


Test Program and Procedures 


Room temperature stress-strain measurements 
were made on all cords. Melting points were taken 


on the nylons, and Dacron. In addition, flex fatigue, 
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shrinkage tension, room temperature and elevated TABLE Ia. Melt Points of Cords Irradiated in Air 
temperature creep rate, and elevated temperature Melting point, °C. 
stress-strain measurements at 130°, 150°, and 170° $$$ $$ 

C. were made on nylon 6, nylon 66, heat-set nylon Dose, roentgens 
66, Dacron, and Celanese X-36. Stress-strain and Cord 105 
shrinkage tension tests were run on the Instron —— 
tensile tester. Flex fatigue testing was carried out Nylon 66 — 252 255 : 254 

. : esi 1 by C. B. Budd of the B. F Nylon 66H1T 252 255 : 252 

on equipment designed by c. B. udd of the B. F. Nyon 6 18 14 210 
Goodrich Company [1]. The melting points of the U.D.* 

nylons were taken using a light microscope with Nylon 2 221 

= + . . Dacron 248 244 
crossed Nicol prisms and a Kofler hot stage. Melt- 

. . . . *1T aenr 

ing points of Dacron were taken using a gradient Undrawn. 

heating block. An insulated electrical heating tube 
was constructed for use with the Instron for running 
elevated temperature, stress-strain, and shrinkage 
tension tests. Melting point, °C. 

Figure 1 illustrates the apparatus used for measur- - mi ES aap 

: Dose, roentgens 

ing creep rate. The upper clamp and rod are sta- RIE 4 Se 
tionary while the lower clamp and rod with pointer Cord 108 106 63K 10° «10? 
are free to move as the cord elongates. The tube os P a : aa; 
. Nyton OO . 20. 
was brought to the desired temperature and the cord Nylon 66 HT 


then inserted and given time to come to the test U.D. Nylon 66 
Nylon 6 


3 X 10° 


10° 


TABLE Ib. Melt Points of Cords Irradiated in Vacuum 





250 
251 
223 
22 


NM mM Nw 


U clamp and rod ° . . 
= E temperature before the load was applied. Cord 


length was then recorded as a function of time. 
Shrinkage tension was measured on the Instron 
Thermocouple lead a ol , ‘ : Oy at: 
to potentiometer tensile tester. The sample was secured between 
the grips of the Instron, and the grips were held 
stationary while the temperature was increased. The 


Power lead 
to Variac d 


1S) 


Insulation tension was recorded as a function of temperature 


until 190° C., at which point the test was completed. 


Results 


Power lead Melting Points 
to Voriac ; 


POSADA 


Irradiation in both air and vacuum had little if any 
effect on the melting points of nylon 6, nylon 66, and 
Dacron. An undrawn monofilament of nylon 66 
showed an increase in melting point after irradiation 
both in air and vacuum. Tables Ia and Ib list the 
melting points after irradiation in air and vacuum. 


Rod guide 


Stress Strain 
Rod guide 2 


Both tensile strength and elongation at the break 
Index guide 


etiaaii eum point of all the cords were lowered by irradiation in 
air, as shown by Table Ila. Nylon, for example, 


Fig..1. Apparatus for measurement of rate of creep. lost more than 50% of its original tensile strength at 





TABLE Ila. 
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Stress Strain of Cords Irradiated in Air 


Doses, roentgens 





Cord Property 


Nylon 66 Tensile 
Elongation 
Tensile 
Elongation 
Tensile 
Elongation 
Tensile 
Elongation 
Tensile 
Elongation 
Tensile 
Elongation 
Tensile 
Elongation 
Tensile 
Elongation 
Tensile 
Elongation 


Nylon 6 
Nylon 66 H.T. 
Dacron 

Orlon 
Fiberglas 
Cotton 
Celanese 


Rayon 


10° 10° 3X 108 
19.7 Ib. 16.2 lb. 
17.0% 15.1% 
J 17.9 
17.1 
17.2 
11.7 
34.7 
i2.3 
11.4 
14.2 
19.6 
3.7 
16.4 
5.5 
20.0 
7.0 
18.7 
11.5 


23.7 Ib. 
18.4% 
21.1 
18.8 
22.3 
14.4 
37.3 


Ne te 
mrmoun 


TABLE IIb. Stress Strain of Cords Irradiated in Vacuum 


Cord 


Property 


Nylon 66 Tensile 

Elongation 
Tensile 

Elongation 
Tensile 

Elongation 
Tensile 

Elongation 
Tensile 

Elongation 17.9 
Tensile 36.8 
Elongation 4.9 
Tensile 20.1 
Elongation 6.7 
Tensile 22.2 
Elongation 7.8 
Tensile 22.6 
Elongation 13.0 


Nylon 6 24.2 
23.8 
23.6 
15:9 
35.0 
13.1 
13.2 


Nylon 66 H.T. 
Dacron 

Orlon 
Fiberglas 
Cotton 
Celanese 


Rayon 


10° rep. Dacron, Fiberglas, and Celanese X-36 dem- 
onstrate relatively small changes in tensile strength, 
Dacron having only about 11% loss at 10° rep. 
Table IIb demonstrates that the effect of irradia- 
tion on stress-strain properties is quite different 
when carried out in vacuum instead of in the presence 
of air. For example, nylon 66 at 10° rep. shows a 
16% loss in tensile strength as compared with the 
50% loss after irradiation in air and an increase of 
20% in ultimate elongation as compared with a 


26.5 Ib. 
21.9% 


Doses, roentgens 


20.9 Ib. 
22.6% 
22.4 
27.9 
23.0 
21.0 
35.7 
15.2 
13.0 11.4 
17.4 16.3 
38.8 ae 
4.2 
17.8 
6.6 
20.0 
8.8 


20.6 Ib. 
22.7% 
22.4 
29.3 
20.2 
16.3 
35.1 
13.1 


— 


_—_ i) 
NONIN NOD | 
—= NM Ww W dX db 


=| 
® 


loss of 40% after irradiation in air. Dacron shows 
a slight increase in both tensile strength and ultimate 
elongation. Orlon shows a smaller loss in these 
stress-strain properties after irradiation in vacuum 
than after irradiation in air. Cotton, rayon, and 
Celanese X-36 show about the same changes after 
irradiation in vacuum as they did in air. 

Elevated temperature stress-strain measurements 
shown in Table III indicate that irradiation has 


done nothing to improve high temperature properties. 
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TABLE III. Elevated Temperature Stress Strain of Cords Irradiated in Air 


Cord Dose 


Nylon 66 Control 
105 
10° 
3 X 10° 
10° 
Nylon 66 H.T. Control 
105 
10° 
3 X 10° 
107 
Nylon 6 Control 
10° 
10° 
3 x 10° 
107 


Control 
105 
10° 
3 X 10° 
10° 


Dacron 


Celanese Control 
105 
10° 
3 xX 10° 


10’ 


Flex Fatigue 


Tensile Elongation Tensile 


17.6 
16.2 
14.6 
13.2 
10.2 


15.4 
15.2 
14.2 


12.8 
9.2 


17.3 
17.0 
14.9 
12.9 

9.1 


25.8 


i) 
os 
nn 


22.5 
22.5 
21.6 
21.0 
16.9 


In general, flex fatigue measurements show a 


rapid loss in flex life with increasing dose after ir- 
radiation in air. Once again, as shown in Table IV 
and Figure 2, Dacron is exceptional in that at 10° 
rep. it has lost only 15% of its flex life as compared 
with almost 100% for nylon. Irradiation in vacuum 
produces relatively small changes in flex fatigue life 
as compared with the changes after irradiation in air. 
This difference is apparent in Table IV. 


Shrinkage Tension 


Table V illustrates the effect of irradiation in air 
on the shrinkage tension of the nylons and Dacron. 
Celanese X-36 exhibits no shrinkage tension. At 
150° C. and 10° rep., the shrinkage tension of nylon 
6 and nylon 66 has been reduced by about 50%, while 
the shrinkage tension of Dacron has increased about 
17%. The change in shrinkage tension of nylon 6 
and nylon 66 after exposure to 10° rep. is shown 
graphically in Figure 3. 


170° C. 


Elongation 

lb. 23.3% 16.2 lb. 
21.5 16.1 
21.0 14.3 
20.6 12.0 
15.8 8.6 
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When irradiated in vacuum, nylon 6 and nylon 66 
still show a reduction in shrinkage tension, but the 
per cent reduction is not as great as was found after 
irradiation in air, about 30% as compared with about 
50%. Dacron once again shows an increase in 
shrinkage tension but not as great a one as previ- 
ously. 


Creep Rate 


Creep rate measurements which were run at 130, 
150, and 170° C. show that in the case of nylon 66, 
creep rate is increased slightly by irradiation in both 
air and vacuum. While, within the time span of the 
measurements, the rate of creep after irradiation in 
air is slightly higher than after irradiation in vacuum, 
the total amount of creep is less than the control 
after irradiation in air and more than the control 
after irradiation in vacuum (Figure 4). The results 
indicate that, in the case of irradiation in air, the 
initial creep rate was lower then that of the control. 
Since the initial creep rate is generally considered 





% DECREASE IN FLEX LIFE 


' 10° 10% 
DOSE IN ROENTGENS 


Fig. 2. Effect of irradiation in air on flex life. 


to be dependent on modulus, it appears that the 
initial modulus of the cords irradiated in air was 
higher then the control, while the initial modulus of 
cords irradiated in vacuum was lower than that of 
the control. 

Dacron shows a slight increase in the rate of creep 
with increasing dose as does Celanese X-36. Table 
VI shows creep measurements for Dacron. The 
data were taken after an elapsed time of 10 min. at 
150° C. under a 2-lb. load. 


Discussion and Conclusions 


In general, the effect of high-energy gamma radia- 
tion, over the range covered, is to worsen the physi- 
cal properties of the cords evaluated. The only 
change in properties which could be classified as 
beneficial was the decrease in the shrinkage tension 
of nylon. However, the improvement occurs at a 
dose level where the breaking tensile and ultimate 
elongation are seriously lowered. 

Oxygen is a strong contributor to the degradation 


of physical properties in the presence of radiation, 
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Fig. 3. Effect of irradiation in air on the shrinkage tension 
of Nylon 6 and Nylon 66. 


TIME (minutes) 


Fig. 4. Effect of irradiation on the creep rate of Nylon 66. 


and elimination of oxygen results in a marked de- 
crease in physical property losses. 

Since cords rather than yarns were evaluated and 
since the change in physical properties and not the 
absolute values was of primary interest, the tensile 
strengths given are direct load and not per unit of 
cross-sectional area. Tables Ila and IIb show that 
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TABLE IV. Rotor Life of Cords Irradiated in Air in some cases results were erratic; that is, there are 
ont in Vacuum variations in irradiation effects within a given sample. 
It is felt that erratic results are due primarily to non- 

Dose, Load, ———_—__—_———_ : ’ ‘ “oo 
roentgens _Ib. Air Vacuum Uniformity of the cords being evaluated. This in no 

ae ——_—— —— way invalidates the general conclusions reached. 
Nylon 66 = 5 hen — Of the cords evaluated, Dacron is outstanding in 
108 7.48 63 its resistance to changes in physical properties even 


3 X 10° 1.45 6.6 after irradiation at 10° rep. McGrath and Johnson 
10° 21 5.7 


Rotor life, hr. 





[8] carried out stress-strain tests on nylon, rayon, 
Nylon 66 H.T. 0 é 2.39 2.9 Orlon, cotton, and Dacron up to exposures of 1.8 


10° 2.11 3.1 x 10* rep. At 1.8 x 10* rep., Dacron lost 40% of 
10° 1.36 2.9 eed ae : Te 
3X 10° "4 39 its original tensile strength. The other cords had lost 


10? 002 3.3 70 to 90% of their original tensile strength. These 
P = - results point to the use of Dacron where textile ma- 
105 ; 4.92 10.2 terials are required for use in a radiation field. 
10° 2.45 9.4 
: Las rd TABLE VI. Effect of Irradiation in Air and Vacuum 
10 0.016 5.9 on the Creep of Dacron 
Dacron 0 : 3.36 4.3 Lt. 
10° 3.18 4.2 Se ie - 
10° 2.94 4.3 Dose Air Vacuum 
3.19 3.7 _ 


107 2.87 3.4 0 1.100 1.105 

105 1.105 1.049 

Celanese 0 : 1.35 108 1.123 1.057 
105 1.25 3 X 108 1.107 1.045 


10° 1.00 107 1.105 1.043 
0.83 


0.37 L = final length, ZL. = original length. 





TABLE V. Shrinkage Tension of Cords Irradiated in Air 


Dose, roentgens 





10° 10° 3 X 10° 


Cord Temp. Tens. Temp. Tens. Temp. Tens. Temp. Tens. Temp. Tens. 

Nylon 66 98°C 132 gm 99°C 153 gm 97°C 167 gm 99°C 80gm 100°C 97gm 
142 238 140 251 137 225 139 136 141 127 
169 329 166 342 163 282 165 173 167 165 
187 375 180 392 181 325 181 205 181 173 
195 397 191 415 193 335 192 213 197 191 


Nylon 66 H.T. 105 105 101 88 96 95 93 139 100 88 
143 205 141 151 137 152 135 197 140 132 
171 313 169 249 163 232 163 259 165 177 
187 388 185 323 181 298 181 312 182 
190 405 197 365 193 334 193 333 193 


95 107 100 105 99 123 97 93 97 103 
136 189 139 162 141 137 118 139 109 
159 275 165 217 167 215 165 157 163 124 
177 307 181 260 183 233 185 195 178 133 
187 —_ 191 — 190 197 _ 185 broke 


Dacron 100 33 101 223 95 57 93 28 95 83 
139 139 567 135 137 435 138 428 
165 163 663 163 167 581 164 560 
181 544 179 693 179 183 632 183 613 
190 190 697 190 197 647 194 624 
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Note on the Determination of the Insolubility of 
Chemically Modified Cotton in Cuprammonium 
Hydroxide Solution 


Walter T. Schreiber 


Southern Regional Research Laboratory,’ New Orleans, La. 


Abstract 


A method is described for determining quantitatively that portion of a chemically 


modified cotton which is insoluble in cuprammonium hydroxide solution. 


The samples 


were treated with cuprammonium hydroxide, then with ammonium hydroxide, followed 
in each instance by centrifuging and decanting. A filter aid was used to assist in bring- 
ing about separation of the insoluble material and glucose was added to inhibit decom- 


position. 





C ELLULOSE, as is well known, may be homo- 
geneously dispersed or dissolved in cuprammonium 
hydroxide solution [1]. However, when cellulose 
has been chemically modified by use of certain cross- 
linking reagents, it is no longer entirely soluble in 


1Qne of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, U.S. Depart- 
ment of Agriculture. 


cuprammonium hydroxide solution. Cameron and 
Morton [2] state that rayon which had been cross- 
linked by reaction with formaldehyde either swelled 
without dissolving or was unaffected by the reagent. 
Reeves et al. [5] of this laboratory concluded that 
the insolubility in cuprammonium hydroxide solu- 
tion may be used as a means of qualitatively detect- 
ing cross-linking in chemically modified cellulose. 
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Experimentation on the solubility of various chem- 
ically modified cottons in cuprammonium hydroxide 
solution indicated that there was a relationship be- 
tween the extent of cross-linkage and the amount of 
insoluble material, i.e. the samples in which the 
seemingly greater number of units of cellulose had 
been cross-linked gave the higher insolubilities. The 
above, of course, is only applicable to those chemi- 
cally modified cottons having cross-linkages which 
are stable to alkaline hydrolysis. 

The purpose of this note is to give details of a 
method which may be used to determine quantita- 
tively the insolubility of chemically modified cotton in 
cuprammonium hydroxide solution. The method is 
based on the observation that when cotton contain- 
ing cross-linked cellulcse is treated with cupram- 
monium hydroxide solution, the insoluble cross- 
linked fraction, even though it may be in the form 
of a jell, may be separated from the soluble part by 
centrifuging, followed by decantation. 

The insoluble part may then be converted into a 
solid cellulosic material by successive treatments 
with ammonium hydroxide solution and this pre- 
cipitate recovered quantitatively by filtration. It was 
found that the separation of the insoluble portion of 
the cellulose from the cuprammonium hydroxide 


mixture was aided by the addition of a small quantity 
of a filter aid, such as celite and that the addition of 
a small amount of glucose to this mixture acted as 
an inhibitor against the decomposition of the cellu- 


lose. According to Danilov et al. [4], the oxidation 


of cellulose in cuprammonium hydroxide is pre- 
vented by glucose. 


Details of Method 


Duplicate samples containing 0.15 g. of chemically 
modified cellulose, which had been ground in a Wiley 
Mill 20-mesh screen, plus 0.30 g. of filter aid and 30 
ml. cuprammonium hydroxide solution were placed 
in 2-0z. wide-mouth bottles and tightly stoppered. 
The cuprammonium hydroxide solution was _ pre- 
pared according to the method of Conrad and Tripp 
[3] and initially contained approximately 30 g. of 
copper ; 165 g. of ammonia; and 10 g. of sucrose per 
liter. However, for use in this method, 10 g. of 
glucose per liter was added to this solution just be- 
fore use. The bottles were then placed in a slow 
speed, end-over-end shaker and agitated overnight, 
about 17 hr. After removing them from the shaker, 
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they were first cooled sufficiently to reduce any pres- 
sure which may have developed, unstoppered and 
the contents of each bottle transferred to a 40-ml. 
centrifuge tube. The tubes were covered with rub- 
ber sheeting so as to prevent evaporation and then 
centrifuged for 1 hr. at about 3000 rpm. They 
were removed from the centrifuge and the liquid 
decanted from the precipitates. To each tube was 
added 15 ml. of the above cuprammonium hydroxide 
solution, and the mixture was thoroughly stirred. 
The tubes were again covered, centrifuged for $ hr. 
and the liquid decanted. The latter operation was 
repeated with another 15 ml. of similar cupram- 
monium hydroxide solution. 

The cuprammonium hydroxide treatments were 
followed by a number of washings with ammonium 
hydroxide solution (28%). This entailed adding 
25 ml. of ammonium hydroxide to the previously ob- 
tained precipitate, thoroughly mixing by stirring, 
centrifuging, and removing the liquid by decanta- 
tion. This step was repeated until the precipitates 
were free from color. The precipitates were then 
filtered through crucibles having fritted glass bot- 
toms, dried, and weighed. 

Blank determinations were made using the same 
quantities of filter aid, and cuprammonium hydroxide 
solution but without cellulose. They were carried 
out in the same manner and at the same time as 
those containing samples of chemically modified 
cellulose. 

The average weight of the solids containing the 
modified cellulose minus the average weight of the 
solids from the blank determinations, divided by 
the initial weight of the cellulose used in such analy- 
sis mixtures gave the percentage of cellulose in- 
soluble in cuprammonium hydroxide solution. 


Data 


Representative data obtained by this method, when 
applied to samples of modified cotton, cross-linked 
with epichlorohydrin in the presence of sodium hy- 
droxide; unmodified cotton; and blank determina- 
tions when no cotton was included, are given in 
Table I. 

The effect of the presence of glucose in the cupram- 
monium hydroxide, used in carrying out the method, 
on the quantities of insolubles obtained, may be seen 
when columns E and F in Table I are compared. 
Column E gives the results obtained when no glucose 





TABLE I. 


Cuprammonium containing glucose—10 g./liter 
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Representative Insolubility Data 


Insolubility 


Cuprammonium 
containing 





Total weights/g.) Insoluble matter* in mixtures containing: 


no glucose 





C. No 
cotton 


B. Modified 
cotton§ 


A. Unmodified 
cottont 


0.2918 
0.2914 
0.2916 
0.2912 
0.2915 


0.3700 
0.3724 
0.3638 
0.3608 
0.3667 


0.2942 
0.2886 
0.2950 
0.2896 


Average 0.2918 


Standard 


deviation 0.0032 0.0054 0.0002 


* Includes weight of filter aid. 
+ 80? kierboiled cotton fabric. 





F. Per cent 
insolubility 
modified 
cotton§ 


E. Per cent 
insolubility 
modified 
cotton§$ 


D. Insolubility (g.) 
modified 
cotton§ minus 
avg. blank 


35.0 
35.4 
38.1 
44.5 
38.2 


52.3 
53.9 
48.2 
46.2 
50.1 


0.0785 . 
0.0809 
0.0723 
0.0693 


35 4.4 


§ Modified cotton made from 80? kierboiled cotton (see footnote t above) by treatment with epichlorohydrin in the presence 


of NaOH. 


had been added. 
the same modified cotton. 


The cellulose samples were from 
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INDUSTRIAL SECTION 


The Measurement of the Uniformity of Spaces 
between Dents in Loom Reeds 


L. Waesterberg, L. Séderberg, and G. Nordhammar 


Swedish Institute for Textile Research, Gothenburg, Sweden 


Abstract 


Variations in dent spacing give variations in the spacing of warp yarns with the 
result that visible streaks sometimes occur in the fabric. To determine the maximum 
deviation of the dent spacing that can be allowed without causing visible warp streaks in 
a given fabric, a photometric measuring instrument has been designed, and with this 
instrument individual spaces between the dents are registered as bars on a photographic 
film. In evaluating the irregularity of dent spacing from the shadow patterns of reed 
gratings (equidistant, parallel-lined glass plates) on reeds, these patterns have been 
photographed and then graded according to the correlation observed between the number 
of warp streaks and the photometric variation of dent spaces. 

In order to determine the quality of a reed quickly and simply in a mill, reed gratings 
are recommended to obtain patterns from the reeds in question for comparison with the 
set of standard graded photographic patterns. 


1. Introduction be possible to specify tolerance limits for the dent 
spacing in order to avoid streakiness in the fabric 
caused by the reed. Such limits would be of practical 
value only if the dent spacings of a given reed could 
be measured fairly easily. 


The dents of a loom reed are designed to space 
the warp ends regularly, to guide the shuttle, and to 
beat the weft yarn into the weave. Variations in the 
spacing of the dents give variations in the spacing of 
the warp yarns. 


Because no suitable in- 


see ~_ strument was known, it was first necessary to design 
These variations may cause visible 


warpwise streaks, the sensitivity depending on the 
material, the color of the yarn, and the number of 
ends per centimeter. 


one that met the requirements of an accurate and con- 


tinuous method of measurement. For laboratory 
investigations the use of a photometric principle 
If the intended 
instrument would give useful results, it might fur- 


thermore be used in testing some simple method of 


Fabrics of filament yarn seem 
. 2 ‘ atu? seemed to offer several advantages. 
to be especially sensitive to irregular dent spacing. 

By using the same reed for different warps, the 
streaks caused by a given reed could be distinguished 
from other kinds of streaks. It was then found that 
reed streaks could occur even at places where no 


irregularity of the dent spacing was visible to the 


evaluating the irregularity of dent spacing of reeds 
in textile mills. 


2. Earlier Methods 


naked eye. 


However, it was supposed that there 


must be a correlation between dent spacing and 
visible warpwise streaks in a given type of fabric. 
If the degree of this correlation was known, it would 


At the beginning of our work, very few methods 
to measure the quality of the reed had been sug- 


gested. Perhaps the most useful one is that using 
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reed gratings [3], but it gives only an estimation of 
the reed quality. Later on, Barella published a paper 
on a photometric method for evaluating numerically 
the perfection of a reed [1]. He measured the 
amount of light passing the reed, the beam of light 
being confined by a square slot of 1 cm.*. Individual 
readings were taken for every centimeter of the 
reed, and the variation between readings was as- 
sumed to be a measure of reed irregularity. Most 
warp streak problems occur when weaving fine 
fabrics of filament yarn with reed counts from 14 to 
22 dents/em. By using a 1 cm. wide slot, a reed 
defect extending over one or a few dents will cause 
only a little change in the transmitted light when 
passing the edges of the slot and no change at all in 
the center of it, if the mean spacing of the defect is 
the same as that of the rest of the reed. Hume et al 
[2] measured streakiness in fabrics with a photo- 
metric streakmeter, using a slot with only 0.2 cm. 
width. The fabric was moved continuously under a 
microfilm projector. Probably this apparatus can 
also be applied to reed measurements, but the records 
obtained are tedious to evaluate. 


3. The Principle of the Photometric Instrument 


To record continuously the individual dent spaces 
of the reed, it is moved at constant speed between a 
lamp and a phototube. If the beam of light and the 
slot of the phototube are very narrow compared with 
the dent width, the phototube will produce a square 
pulse for every space that is passing, and the dura- 
tion of the pulses are proportional to the width of 
the spaces. 

For a reed with 20 dents/cm. the space width is of 
the order of magnitude of 0.25 mm. To be able to 
measure this distance accurately, the width of the 
slot should not be more than about 0.05 mm. To 
avoid difficulties in getting the slot parallel to the 
dents, it should have preferably a length of the same 
order of magnitude. Such a small slot will give 
only a very small amount of light to the phototube, 
and a high amplification in the electric circuits will 
become necessary. To avoid this and other compli- 
cations, we have: made use of an optical amplifica- 
tion. The reed is moved under a projection micro- 
scope and a magnified image of the dents is obtained 
on the screen. The phototube gets the impulses from 
the magnified images of the dents and spacings and 
the slot can be as wide as 2 to 3 mm., still being a 


between two pairs of roller guides (Figure 2). 
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fraction of the image of the spacings. The square 
pulses recorded on the oscillograph camera diagram 
give a sort of magnified picture of the reed but the 
irregularities are still not easily viewed or measured 
from it. However, by integrating the output signal 
from the phototube amplifier and using only the 
vertical deflection plates of the oscillograph, a bar 
diagram can be obtained in which the height of a 
bar corresponds to the distance between two dents 
and the location of the bar to the location of the 
dents in the reed. 


4. Design of Apparatus 


The fundamental mechanism is illustrated in Fig- 
ure 1. It consists of three main parts : 


A. The reed moving device 
B. The microscope 
C. The electronic and recording equipment 


A. The reed is moved on a horizontal roller con- 
veyor with constant speed by a screw-driven lathe 
carriage (19 cm./min.). To keep the reed from 


moving out of the focal plane of the microscope, 
extra spring loaded rollers are mounted on two pairs 
of roller guides on both sides of the microscope, 


serving to press the reed against the lower rollers 
(Figure 2). 

B. A Reichert projection microscope is inserted 
It is 
mounted on a frame that can be moved vertically by 
three screws, serving as a focusing device. The 
magnification is 72 times. 

C. A multiplier phototube is mounted over the 
microscope on a support (Figure 2). The phototube 
is enclosed in a box where light enters through a 
rectangular slot (0.2 X 10 mm.). The slot is pressed 
against the projection screen with its longer side 
parallel to the images of the dents. The signal from 


Fundamental mechanism of the 
photometric instrument. 
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Fig. 2. The roller conveyor with a reed and the projection 


microscope with the phototube box. 


Fig. 3. The electronic circuit diagram of 
the photometric instrument. 


Fig. 5. Repeated runs of a reed with a reference 
mark on it. 
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the phototube is amplified and integrated, before it 
is sent to a CR—oscillograph and a_ recording 
camera. The film speed is adjusted so that the total 
length of the film strip equals the measured length 
of the reed. The electronic circuit diagram is shown 
in Figure 3. The sensitivity of the device is set to 
give 1 mm. in bar height for 0.01-mm. difference in 
dent distance. With this sensitivity it is not possible 
to get more than the upper third of the bar heights 
within the film. This is, however, of no disadvantage 
as we are more interested in the variation of the 
space width than the actual width of every space. 


5. Test of the Apparatus 


The electronic part of the apparatus was tested 
by rotating a sectorial wing between a lamp and the 
phototube slot. The pulse frequency and the ampli- 
tude corresponded to those used at reed measure- 
ment. The bar diagram from this test shows that 
the tops of the bars are on the same level (Figure 
4). Hence there is no measurable irregularity in 
the electronic circuit. 

During measuring, other sources of error are bad 
Re- 


peated runs of reeds showed, however, that the 
reproducibility is good. 


focusing and variation in the speed of the reed. 


Figure 5 shows three runs 
of a reed, where a few dents have been bent aside to 
serve as a reference mark. Furthermore bar dia- 


grams have been compared with direct microscopic 
measurements of the dent spaces, and the relation is 
good (Figure 6). 


6. Measurements and Results with the 
Photometric Instrument 


In order to find the irregularities of a reed, that 
caused visible streaks in the fabric, the following 


experiments were made. A reed was changed be- 


Space 
Siren (x-0238 am) 


Fig. 6. Comparison between microscopic measurement of 
the space widths of reed and the bar heights of the cor- 
responding diagram. 
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tween two looms with the same type of warp, and 
some observers identified the streaks common to 
both of the fabrics woven. These were considered 
to be caused by the reed. The reed was measured 
in the apparatus described and the bar diagram was 
compared with the fabrics. It was then found that 
a warp streak often corresponded to an easily visible 
irregularity of the bar diagram that extended over 
two to eight bars (i.e., dents), but there were also 
streaks that could not be clearly related to the di- 
agram at a brief inspection. The reason for this 
(provided that the streaks come from the reed at all) 
may be that some combinations of different dent 
spacings will cause streaks easier than others, or 
that the spacings are not the same during the meas- 
urements as during the dynamical conditions during 
weaving. 

However, we found that a reed giving a diagram 
with a large distribution of bar heights, usually gave 
many streaks in sensitive qualities of fabrics. The 
distribution can be expressed as the standard devia- 
tion or as the more easily calculated mean range for 
groups of bars. Thus the distribution of dent spac- 
ings (bar heights) is a useful measure of the reed 
irregularity. 

However, the cost of getting this measure on our 
instrument is generally not justified for routine tests 
in a mill. Therefore we searched for a simpler 


method of calculating or estimating the dent space 


distribution of reeds. The reed grating method 
seemed to fulfill the requirements, provided that the 
subjectiveness of the method could be diminished. 


7. The Reed Grating ' Method 


Reed gratings are transparent plates covered with 
parallel and equidistant lines. They are made in 
series with different line numbers. This number 
should be about the same as the number of the reed 
(dents/inch) to be tested. The plate is placed on 
a reed which is illuminated from behind, the lines 
forming a small angle to the dents. The intersections 
of dents and lines then form a shadow pattern of 
dark stripes, as is shown in Figure 7. A perfect 
reed with equidistant dents will give smooth, straight 
stripes, but irregular spacings will make the stripes 
wavy and peaked. 

The reed gratings make it possible to observe 


1 Shirley reed gratings were used. 
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Fig. 7. Photograph of reed grating patterns from the 
graded reeds. Top to bottom: Grades I, II, and III. 


variations in dent spacings down to 6 to 10% of the 
space width. Thus the quality of the reed can be 
estimated fairly well from the appearance of the 
stripes.. The method is, however, purely subjective 
For that 
reason we have made photographs of reed grating 
patterns from three “standard” reeds of different 
quality, estimated with reed gratings. 


if there is no standard of comparison. 


The reeds 
were picked out fairly arbitrarily from 50 reeds (new 
and used, 21 dents/ cm.) in a silk weaving mill. 
They were measured in the photometric instrument. 
From the diagrams obtained, the mean ranges in 
millimeter bar height were calculated out of 10 
groups of 100 bars in each from all parts of the 
reed. The result is shown in Table I. As the 
photographs were taken from the worst part of each 
reed (the part that usually limits the quality), the 
calculated values do not group the grades very well. 
However, the ranges of the worst parts of the reeds 
give a better distinction between the grades, as is 
shown in Table I. 


TABLE I 


Reed grating grade I I] Ill 
Mean range, mm., 10 groups 5,0 6,1 88 
Range of worst part, mm. 6 9 13 


The photographs form a set of three different 
quality grades to which any actual observation of a 
reed can be matched. 
follows (Figure 7). 

Grade I. The stripes are smooth but a slight 
waviness can be allowed if it is not periodic. 

Grade II. 
and jerks. 


The grades are described as 


The stripes show some small peaks 
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Grade III. The pattern looks over-all scattered 
with several peaks and jerks. 


Application and Results of the Method 


As the reed grating grades are ranked in the same 
order as the photometric quality ranges, it is to be 
expected that a reed of Grade I will give less streaks 
than a reed of Grade II. The value of the method 
depends on the proneness for warp streaks of the 
fabrics woven in the individual mills. The method 
was therefore introduced in some mills weaving fila- 
ment yarn, where warp streaks were considered a 
serious problem. Here every reed, new and used, 
was graded according to our method. Then every 
individual mill developed a standard of its own, in 
regard to which reed grades should be used for the 
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different fabric qualities in their production. The 
method has been in use during one year at several 
mills. The results can hardly be put into numbers, 
but according to the opinions given, the grades com- 
pare well with mill experiences. The frequency of 
warp streaks has been reduced and less work in 
changing reeds in looms has been reported too. 
Furthermore the method can be used as an accept- 
ance control when new reeds are delivered. 
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The Treatment of Wool with Acid 
Bromate Solutions 


K. W. Statham 


TEXTILE RESEARCH JOURNAL 27, 41-49 (1957). 


The author referred to the three British Patents covering the 


processes described in this paper. 


However, on page 49, column 2, 


line 4 after “Precision Processes (Textiles) Limited,’ he would 


like to add: 


The inventors of these processes are C. Earland (present ad- 
dress: Department of Textile Industries, Technical College, Brad- 
ford, England) and K. W. Statham. 
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Evaluation of the Yarn Properties of a High- 
Strength Interspecies Cotton 


John J. Brown, Nathaniel A. Howell, Louis A. Fiori, 
Jack E. Sands, and Herschel W. Little 


Southern Regional Research Laboratory,| New Orleans, La. 


Abstract 


The reported results compare the yarn properties of a high-strength (11.5 Pressley 
Index) Interspecies cotton with those of five other cottons having a comparatively wide 
range of fiber properties. The cottons were processed alike on conventional processing 
equipment into 18/1, 36/1, and 72/1 carded yarns using a range of twist multipliers from 
2.75 to 5.75. The sliver and roving made from each cotton were measured for uniformity 
and the yarns were tested for uniformity, appearance, and strength. It was found that 
yarns made from the Interspecies cotton were as strong as those made from the much 
longer and finer Karnak cotton and stronger than those made from the other cottons. 
The Interspecies and Karnak yarns were about equal in uniformity with both being more 


uniform than the other control yarns. 


A limited statistical analysis of yarn breaking strength data indicated that fiber 
strength is more important to yarn strength than either fiber fineness or length. 


Introduction 


The fiber properties of a cotton variety are largely 
responsible for the properties of its yarns. Since 
yarn strength is usually accepted as the main criterion 
of yarn quality, most investigations have been di- 
rected toward the correlation of fiber properties with 
yarn strength. Fiber length, fineness, strength, coef- 
ficient of length variability, grade, and percentage of 
mature fibers have been found to influence collectively 
yarn strength, according to varying degrees of im- 
portance. 

There is strong evidence [9] that of six properties 
considered, fiber strength is the most important 
factor contributing to the skein strength of 22/1 and 
60/1 carded yarns. 

In a study [5] of the effects of cotton fiber 
strength on single yarn properties, it was found 
that at low single twist, 12/1, 22/1, 36/1, and 50/1 
yarns spun from high-strength cottons averaged 
35 to 40% stronger than yarns spun from weaker 
cottons. It was also found that as single yarn twist 
increases, the difference in yarn strength became 
progressively less and at a high twist (5.75 T.M.) 

1QOne of the laboratories of the Southern Utilization Re- 


search Branch, Agricultural Research Service, U.S. Depart- 
ment of Agriculture. 


the yarn spun from the high-strength cotton averaged 
only 12 to 20% stronger than yarns spun from the 
weaker cottons. Another report [6] states that 
“when yarns are spun with optimum twist, fiber 
strength accounts for about 88% 
strength.” 

Since fiber strength is a principal contributor to 
yarn strength and yarn strength is an important 
quality requirement in many end-uses, breeders are 
emphasizing this property through the development 
of experimental cottons having fiber strength values 
which are 25 to 50% higher than those of com- 
mercial varieties. To assist in these breeding pro- 


of the yarn 


grams, and as a guide to manufacturers in utilizing 
the full potential of these cottons, information is 
needed on the relative yarn properties of these ex- 
ceptionally strong-fibered experimental cottons. 
The high-strength cotton used in this study has 
been grown in experimental plots at Statesville, 
N.C. and has been found to have a low yield per 
acre; therefore, it is not available for commercial 
use. The cotton was derived from the Interspecies 
cross of gossypium arboreum X G. thurberi x G. 
hirsutum, backcrossed five times to locally adapted 


G. hirsutum (Upland) varieties. 
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The aim of this study is to present merely a com- 
parison of the physical properties of yarns made from 
a high-strength cotton with the physical properties of 
yarns spun from several well-known cottons of vary- 
ing fiber properties. It is hoped that this informa- 
tion will be of interest to cotton breeders and will 
aid them in their search for cotton having improved 
fiber properties. Also it will provide additional 
knowledge to cotton spinners regarding the rela- 
tionship between fiber properties and over-all proc- 
essing efficiency. 


Materials and Methods 
Samples 


The test sample used in this study was a blend of 
two high-strength, triple-hybrid (Interspecies) cot- 
tons, one having a 17 %-in. staple length, and the 
other having a 1-in. staple length. These hybrids 
were manually blended in a one-to-one ratio prior 
to ginning. After blending and ginning, the test 


TABLE I. Fiber Properties of an 
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sample was classed as having a 1;'5-in. staple length. 
The control cottons used in this study were Karnak, 
Hopi Acala 54, Wilds 13, Acala 4-42, and Deltapine 
15. 

A summary of the fiber properties of the blend 
of Interspecies cottons and the control cottons is 
shown in Table I. These properties, with the excep- 
tion of the Stelometer [8] values, were determined 
in accordance with A.S.T.M. procedures [1b through 
lh]. 

The Interspecies cotton had a fiber strength of 11.5 
Pressley Index (approx. 124,000 p.s.i.), while the 
control cottons had fiber strength values varying 
from 7.6 to 10.5 Pressley Index (approx. 82,000 to 
113,000 p.s.i.). Another interesting comparison, 
length, shows the Interspecies to be 35 to 43 in. 
shorter than the control cottons. These large differ- 
ences in length and strength permit an evaluation 
of the effect of fiber length and strength on yarn 
strength. 


Interspecies and Five Control Cottons 


Variety 





Deltapine Hopi Acala 


Fiber property 


Grade 


Classer 


Length 
Classer 
Suter-Webb 

U.Q., in. 


Mean, in. 
C.V., % 
Fibrograph 
U.H.M. 
Mean, in. 


UR, % 
Fineness 
Suter-Webb, yg./in. 
Micronaire 
Arealometer 
Specific area, mm.-/mm.? 
Maturity 
Sodium hydroxide method, % 
Immaturity ratio 
Strength 
Pressley Index, lb./mg. at zero gauge 
Stelometer, g./grex at 2.5 mm. 
Elongation 


Stelometer, mm. at 2.5 mm. 


% 


1- 


Wilds 
13 


Inter- 
species 


54 


15 Karnak 


SGO SM 


3/32 


1.17 
0.97 


30 


1.13 
0.92 
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Processing and Testing Procedures 


The cottons were processed alike on conventional 
processing equipment into 18/1, 36/1, and 72/1 
yarns using a range of twist multipliers from 2.75 
to 5.75. Neps were counted [2]; uniformity of 
sliver was measured by a converted Saco-Lowell 
Sliver Tester? [7], uniformity of roving and yarn 
was tested or the Uster Evenness Tester * equipped 
with a Linear Integrator; and yarn grades were 
evaluated by comparisons with yarn appearance 
standards in accordance with A.S.T.M. [la] pro- 
cedure. Skein strength determinations were made 
on a pendulum-type tester of O-300-lb. capacity 
[la]. Single-strand strength and elongation de- 
terminations were made on an automatic Uster 
single-strand tester of 0-1000-g. capacity adjusted 
to a speed of 10 sec. to break. 


Results and Discussion 


Yarn Strength 


Figure 1 shows skein count-strength product 
plotted against twist multiplier for each yarn num- 
ber and cotton. Of particular interest is the fact 
that the Interspecies cotton, although significantly 
shorter and somewhat coarser than the Karnak (see 
Table I), produced coarse and medium yarns of 
superior strength except at the lowest twist mul- 
tipliers where the effect of the longer length of the 
Karnak would be most apparent. 

The effect of fiber strength is more impressive 
when it is seen that even for relatively fine yarns 
(72/1) the Interspecies produced yarns having prac- 
tically the same strength again, except at the lower 
twist multipliers, as those produced from the longer 
Karnak. These results further confirm previously 
reported [9] relationships of fiber strength to yarn 
strength. 

Inasmuch as the differences in yarn count-strength 
products between yarns made from Karnak and the 
Interspecies at low twist (2.75 T.M.) increase from 
7% for 18/1 yarns to 43% for 72/1 yarns, it is ap- 
parent that for low twist fine yarns, the fiber prop- 
erties fineness and length, rather than strength, are 
the principal contributors to yarn strength. Based 
on this observation, a further increase in yarn num- 

2It is not the policy of the Department to recommend the 
products of one company over those of any others engaged 


in the same business. The above names are furnished 
merely for your convenience and information, 
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ber could logically result in yarns of acceptable 
strength at all twists from the Karnak, whereas the 
Interspecies might fail to spin at low twist or to 
produce yarns of acceptable strength at the higher 
twists. It can, therefore, be concluded that fiber 
strength is an exceedingly important property for a 
certain medium range of yarn numbers. For the 
finer yarn numbers, however, this property must be 
complimented by the fiber properties, length and 
fineness, if processing efficiency and product quality 
are to be maintained. 

This constitutes a further example of the sig- 
nificant effect of fiber strength not only in maintain- 
ing, but also in improving yarn strength for medium 
and coarse yarn numbers. 

Due to the various combinations of length and 
fineness included in this study, twist multipliers for 
maximum skein strength (count-strength product) 
do not follow any pattern based on fiber length alone. 
The peculiar length-fineness combination of the In- 


(its 


SkCimM STRERGTA 


PRODUCT - VARN 


Terst eutcrrepericta 


mmr ACALA 4-42 ——--G——-- NOP! ACALA SA ——-O—— - KARNAK 
soem ——— DELTAPINE ———O—— INTERSPECIES ——@—— WILOS 


Fig. 1. Twist-skein strength relationship for 18/1, 36/1, 
and 72/1 carded yarns spun from six cotton varieties varying 
primarily in fiber strength and length. 
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terspecies cotton, when compared with that of the 
Wilds, is seen in a comparison of fiber and yarn 
properties of the Interspecies and the Wilds samples. 
Both cottons have about the same weight fineness 
and maturity, with the Wilds being 4 in. longer 
than the Interspecies, yet the latter cotton produced 
yarns about 35% stronger than the Wilds. This 
might indicate the possibility of substituting fiber 
strength for fiber length without the necessity of 
using a higher twist multiplier. This finding has 
practical application since ordinarily a higher twist 
would be used for the shorter cotton than for the 
longer to obtain maximum strength; however, since 
the same twist multiplier may be used for the shorter 
cotton as was used for the longer, a significant pro- 
duction advantage is obtained by use of the shorter, 
stronger cotton with no sacrifice in strength. An- 
other index of the processing behavior of the Inter- 
species cotton is noted in its production of low twist, 
fine yarns where, of the control cottons, only the 
relatively long staple varieties, Wilds and Karnak 
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Fig. 2. Twist-single-strand strength relationship for 18/1, 
36/1, and 72/1 carded yarns spun from six cotton varieties 


varying primarily in fiber strength and length. 
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spun efficiently. The ability of the Interspecies to 
process under these conditions is most probably due 
to its relatively low weight fineness which apparently 
offsets its lack of staple length. Because of the 
length-compensating effect of fiber fineness and 
strength, it is evidently possible to spin finer yarns 
from this cotton than normally possible for cottons in 
this staple length group. 

Figure 2 shows single strand strength data plotted 
in the same manner as skein strength data in Figure 
1. The strength trends and general conclusions 
drawn from the skein strength data are generally 
supported by the single strand strength data. The 
usual higher twist multiplier required for maximum 
single strand strength as compared with maximum 
skein strength is observed. 

The above results would seem to indicate that rela- 
tively short staple cottons can be processed into 
relatively fine yarns that are equal in strength to 
yarns made from the long staple cottons, provided 


‘that the short staple cotton possesses the required 


fiber properties, strength, and fineness, and provided 
that the proper twist multiplier is used in spinning 
the yarns. 


Yarn Elongation 


Figure 3 shows elongation at break plotted against 
selected yarn number at varying twists. It is obvious 
that these cottons vary in their elongation charac- 
teristics. In addition, the trends established with 
changes in yarn numbers are fairly consistent with 
changes in twist multiplier. It is seen that there 
are two fairly distinct groupings: Karnak, Deltapine, 
and Wilds being the upper group and Hopi Acala 54, 
Acala 4-42, and Interspecies being the lower group. 
In previous work it has been found that yarn elonga- 
tion is not materially influenced by fiber fineness [4] 
or fiber length (unpublished data) but is positively 
correlated with fiber elongation [3]. 

The Deltapine, Wilds, and Karnak varieties have 
the highest fiber elongation and produced the yarns 
having the highest elongation. This possible correla- 
tion between fiber and yarn elongation supports the 
increased interest and importance being accorded 
this fiber property. The Interspecies variety pro- 
duced yarns having elongation values considered to 
be average. This information should be of interest 
and value to the breeder since it indicates that cot- 


tons can be developed having exceptionally high 
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fiber strength without significantly affecting fiber or 
yarn elongation. 


Uniformity of Slivers, Rovings, and Yarns 


The uniformity of slivers, rovings, and yarns is 
shown in Tables II and III. Differences in the fiber 
properties of the samples tested are not reflected in 
differences in uniformity of slivers. The Interspecies 
blend, however, produced rovings of better uni- 
formity (% M.D. and % Range) than did the 
control cottons. This better uniformity of roving 
apparently carried over into yarns since the Inter- 
species yarns were more uniform than the yarns pro- 
duced from the control cottons—with the exception 
of the Karnak. In the latter case, a comparison 
showed the yarns to be equal in uniformity. The 
fact that the yarns made from the Interspecies cotton 
are as uniform as those made from the Karnak, par- 
ticularly in the finer yarns, would indicate that this 
experimental cotton has desirable fiber properties. 


creOnoeartrton (sd 


Yarn Appearance 


Se a es RRS The appearance of yarns spun from the test cottons 
Sia call il SAP es is shown in Table IV. When the Interspecies is 
a a re compared with the two long-staple varieties, Karnak 

Fig. 3. Elongation at break of 18/1, 36/1, and 72/1 carded and Wilds, it is seen that yarns of better grade were 
cotton yarns spun at varying twists. made regardless of yarn number. The Interspecies 


cotton made approximately the same grade 18/1 


TABLE II. Uniformity of Sliver and Roving Made from an Interspecies and Five Control Cottons 


Sliver, per cent coefficient of variation ! 





Variety 





Acala Deltapine Hopi Acala Wilds 
Process 4-42 15 54 Karnak 13 Interspecies 








Card 2.74 2.69 2.11 2.34 2.87 2.41 
ist drawing 3.10 4.16 3.66 4.21 3.64 3.62 
2d drawing 4.37 4.67 4.67 4.52 4.94 4.48 


Roving, per cent mean deviation and range? 


Acala Deltapine Hopi Acala 
4-42 15 54 Karnak : Interspecies 


Roving M.D. Range M.D. Range M.D. Range M.D. Range 


M.D. Range 


3.00 H.R. 6.5 40.9 6.9 45.7 7.2 ° 44.8 i 39. ; 3. 5.6 35.0 
4.20 H.R. 8.0 50.8 7.8 51.2 7.9 50.2 E . 3. 7.2 448 
5.20 H.R. 8.7 57.3 9.2 58.3 9.8 62.2 . . ; 83 48.8 


! Calculated from Saco-Lowell Sliver Tester data. 
2? Calculated from Uster Evenness Tester data. 
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TABLE III. Uniformity of Yarns Made from an Interspecies and Five Control Cottons ! 


Per cent Mean Deviation ? 


Variety 





Wilds 
Karnak 13 


Yarn Acala Deltapine Hopi Acala 


No. 4-42 15 54 


Interspecies 
19.7 17.1 
16.8 14.4 
12.4 10.7 


18.7 
15.9 
11.9 


18.2 
15.4 
11.2 


72/1 
36/1 
18/1 


17.2 
15.0 
10.7 


1 Calculated from Uster Evenness Tester Data. 
? Mean value of all T.M.'s for each cotton and yarn number. 


TABLE IV. Appearance of Yarn Made from an Interspecies and Five Control Cottons ' 


Variety 





Wilds 
Karnak 13 


Yarn Acala Deltapine Hopi Acala 

No. 4-42 15 54 Interspecies 
C+ C+ D+ B- 
B+ B+ & A- 
A- A- A- A 


B- C+ 
B+ B 
A- A- 


72/1 
36/1 
18/1 


‘Graded by ASTM Appearance Standards [1a] with yarn being spun at T.M. for maximum strength. 


TABLE V. Waste Data and Nep Counts of Interspecies and Five Control Cottons 


Variety 
Acala Deltapine Hopi-Acala 
4-42 15 54 


Wilds 
Karnak 13 


Process Interspecies 


% % % 
1.23 2.26 


as % 
Breaker and finisher picker! 4 3.69 
Card! 
Flat strips 
Cylinder and doffer strips 
Motes and fly 
Sweepings 


5.90 
4.05 
5.80 
0.44 


2.94 
2.10 
1.58 
0.21 
16.19 6.83 


19.88 8.06 


3.94 
2.56 
1.60 
0.21 
Total card waste 8.31 
Total? 10.57 


Neps/100 sq. in.* 70 25 29 100 


1 Based on net weight fed at each process. 
? Based on net weight of raw cotton. 
3 Nep count taken at end of run (9.5 Ib.). 





yarns as did the other cottons, slightly better 36/1 
yarns, and significantly better 72/1 yarns. Since 


Waste Data and Nep Count 


Interspecies, Wilds, Karnak, and Hopi Acala 54 
cottons may be considered comparable in grade, these 
yarn appearance comparisons are probably significant 
in showing that the Interspecies cotton can be spun 
into relatively fine yarns of acceptable quality. 


Table V shows the percentage waste removed at 
the various processes from opening through picking 
and nep count. Analysis of these data is necessari'y 
limited by the grade differences of some of the cot- 


tons. The Acala 4-42 and Deltapine 15 are the 
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lowest in grade (Strict Good Ordinary), while the 
Interspecies, Hopi Acala 54, and Wilds are a higher 
grade (Strict Middling) with the Karnak being 
roughly equal in grade to Strict Good Middling. The 
per cent waste removed from the Interspecies cotton 
was comparable to the waste removed from the 
Karnak and Hopi Acala 54 and was considerably 
less than the per cent removed from the Wilds, Acala 
4-42, and Deltapine 15. 

The subjective nature of counting neps, the limited 
amount of cotton involved in each sample, and the 
use of the same carding rate (9 lb./hr.) for all 
varieties regardless of fiber properties possibly in- 
troduce bias in each of the values reported. There- 
fore, nep counts are shown for general interest only. 
It could probably be stated that the nep formation 
of the Interspecies cotton when compared with that 
of the other varieties is within reasonable limits for 
this carding rate. 


Statistical Analysis 


For the six cottons included in the Interspecies 
study a series of multiple correlations were made. 
In each correlation the following were included as 
independent variables: (1) Pressley Index, (2) 
weight fineness, (Suter-Webb), and (3) upper half 


mean length (Fibrograph). These three variables 


TABLE VI. 
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were correlated first with maximum single strand 
breaking strength and then with maximum skein 
breaking strength as the independent variable. Such 
correlations were made for 18/1, 36/1, and 72/1 
yarns. As has already been mentioned the correla- 
tions are based on observations on only six cottons. 
Although inclusion of a larger number would have 
been highly desirable from a correlation standpoint, 
more cottons were not available for this study. Since 
the resulting correlations are very good, however, it 
is considered that the relationships described below 
are strongly indicated. 

The results of the above correlations are sum- 
marized in Table VI. It will be noted that in no 
case was there a correlation coefficient lower than 
0.96. Slightly higher correlations resulted for 36/1 
yarns and the lowest correlations were for 72/1 
yarns. The coefficient of determination is the square 
of the correlation coefficient and indicates the pro- 
portion of variance in the dependent variable that is 
explained by the combined effect of the three inde- 
pendent variables. This coefficient indicates that 93 
to 97% of the variance in maximum single strand 
or skein breaking strength is explained by the com- 
bination of Pressley Index, weight fineness, (Suter- 
Webb) and upper half mean length (Fibrograph). 

In order to facilitate comparison, standard errors 


Correlation of Pressley Index, Weight-Fineness (Suter-Webb) and Upper Half Mean Length with Maximum 


Single Strand and Maximum Skein Strength for Six Cottons 


Statistic 


Maximum Single Strand Strength 

Coefficient of correlation 
Coefficient of determination 
Absolute standard error of estimate, g. 
Relative standard error of estimate, % 
Beta coefficients 

Pressley Index 

Weight fineness (Suter-Webb) 

Upper half mean length 


Maximum Skein Strength 

Coefficient of correlation 
Coefficient of determination 
Absolute standard error of estimate, lb. 
Relative standard error of estimate, % 
Beta coefficients 

Pressley Index 

Weight fineness (Suter-Webb) 

Upper half mean length 





Yarn Number 


36/1 
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of estimate for the various correlations in absolute 
terms were in each case converted to a relative stand- 
ard error in terms of per cent. This was done be- 
cause of differences in units in which breaking 
strength for single strand and skein strength were 
expressed and because of wide differences in the 
size of units among yarn numbers. Relative stand- 
ard errors obtained indicate that the chances are 19 
in 20 that estimates of breaking strength based on 
the combined effect of the three independent varia- 
bles are within 8.68% (2 x 4.34) of the true strength 
in the case of the lowest correlation and within 4% 
(2 x 2.00) for the highest. 

The relative importance of the individual inde- 
pendent variables affecting breaking strength is com- 
pared by means of their beta coefficients. For each 
variable, the beta coefficient is its regression coef- 
ficient adjusted by the ratio of the standard devia- 
tion of the breaking strength to the standard devia- 
tion of each independent variable with which it is 
correlated. The measure ranks the independent 
variables in importance and indicates roughly the 
relative importance of each. For both the skein and 
single strand method of test, the three independent 
variables rank in order of importance: Pressley In- 
dex, weight fineness, (Suter-Webb) and upper half 
mean length (Fibrograph). It appears that Press- 
ley Index has considerably more influence on break- 
ing strength than the other two. Breaking strength 
increases as Pressley Index and upper half mean 
length become greater but decreases with increases 
in weight fineness. 


Conclusions 


This study, though somewhat limited in scope, 
showed that the Interspecies cotton processed as well 
as the control cottons with respect to waste and 
over-all efficiency. In addition, yarns made from 
the Interspecies were as strong as those made from 
the much longer and finer Karnak cotton and 
stronger than those made from the other cottons. 
The amount of single yarn twist required by the 
Interspecies to reach maximum strength was slightly 
more than required by the Karnak and approximately 
the same as the other varieties. The Interspecies 
and Karnak yarns were about equal in uniformity 
with both being more uniform than the other control 
yarns. There is some evidence that fiber elongation 
and yarn elongation are directly related with the 
Interspecies cotton producing yarns of average elon- 
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gation. A limited statistical analysis indicates that 
fiber strength is more important to yarn strength 
than either fiber fineness or length. 
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Soil-Resistant Finish for Cotton Fabrics 


Southern Regional Research Laboratory * 
New Orleans, La. 
October 23, 1956 


To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


Several treatments have been used in recent years 
for the protection of cotton fabrics from dry soiling 
during use [1, 3, 4,6]. These treatments have been 
additive finishes applied from colloidal suspension in 
quantities from 2 to 10% pickup on the weight of 
the material. In connection with microscopical in- 
vestigations of the mechanism of soiling of cotton, 
the effect of these treatments on the fiber surface 
has been observed by means of electron microscopy 
of surface replicas. The particulate dispersions ap- 
pear to cover much of the fiber surface, substituting 
a new surface for the corrugated topography of the 
untreated fiber. The soil resistance achieved in these 
cases is apparently largely mechanical in that most 
of the available soil sites become occupied by color- 
less particles. Figure 1 shows typical surface ap- 
pearances of fibers in the untreated state and after 
application of such a soil-retardant finish. At the 
pickups required for effective soil resistance, the 
fabrics may acquire a certain stiffness and “grainy” 
hand. 


1 One of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, U.S. Depart- 
ment of Agriculture. 


Another type of treatment can be carried out 
which seems to impart good soil resistance to dry 
and greasy soils without visible effect on the topog- 
raphy of the fiber or appreciable change in the hand 
of the fabric. The treatment is based on the ob- 
servations of Zisman and co-workers [7] that mono- 
molecular layers of certain perfluorocarboxylic acids 
could be deposited on the surface of metals and 
similar materials to impart oleophobic characteristics 
to the surface. Such a treatment does not alter the 
surface appeararice of cotton, as can be seen in Fig- 
ure 2 which illustrates the typical surface of a fiber 
from a fabric treated with perfluorodecanoic acid. 
The soil resistance obtained by such a treatment is 
indicated by the data in Table I, where reflectance 
measurements (Hunter Reflectometer) on untreated 
fabric and fabric to which a particulate soil retardant 
had been applied are given for comparison. The 
soil used in this test was a synthetic composition ap- 
proximating that of natural soil [6]. 

Perfluorodecanoic acid was used in our experi- 
mental work, although it is believed that other per- 


TABLE I. Reflectance Measurements on Untreated and 
Treated Cotton Fabrics before and after 
Soiling with Synthetic Soil 


Reflectance 





After 
soiling 


Before 


Treatment soiling 





Untreated 92 36 
Particulate soil-retardant finish 91 55 
Perfluorodecanoic acid finish 91 64 
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Fig. 1. 


Electron: micrographs of surface replicas of untreated cotton fiber (left) and fiber treated with particulate 


soil-retardant finish (right). 


fluorocarboxylic acids might also be of equal value. 
The treatment consisted of padding the fabric with 
a dilute solution of the acid in any of a number of 
organic solvents or water; typical formulation was a 
0.2% The 


fabric was then allowed to dry at room temperature. 


solution of the acid in n-hexane [8]. 


It was found that application from water, which 


Fig. 2. Electron micrograph of surface replica of cotton 
fiber from fabric treated with perfluorodecanoic acid. 


avoids the use of an inflammable solvent, could be 
carried out from a solution of 0.5% perfluorodecanoic 


acid and 0.12% sodium acetate [9]. The use of 


sodium acetate minimum the acid 
tendering which accompanies drying at elevated tem- 


peratures. 


reduces to a 


As is the case with commercial soil retardants, 
both of the treatments mentioned above give a finish 
which is removed by water, but may have applica- 
tion to such household textile items as draperies or 
decorative fabrics. Resistance to leaching by water 
may be achieved by first treating the fabric with 
dilute aqueous solutions of aluminum acetate or 
zirconium nitrate followed by drying, after which 
perfluorodecanoic acid in an organic solvent is ap- 


plied [10]. 


zirconium nitrate solution, it is desirable, if not neces- 


If the fabric has been steeped in the 


sary, to treat it with dilute ammonium hydroxide 
prior to drying. In this type of application the acid 
is applied preferably from 0.5% 
The treated in 
this way is equivalent to that of fabric treated with 
perfluorodecanoic acid alone with the added ad- 
vantage that water repellency is also obtained. 


solution in ethyl 


alcohol. soil resistance of fabrics 


The treatments reported here emphasize an aspect 
of the mechanism of soiling which heretofore has 
received relatively little attention. It is generally 
accepted that one feature in the soiling of cotton 
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fabrics is the lodgment and mechanical entrapment of 
fine soil particles in the surface rugosities which 
characterize the fiber topography. It seems to be 
true also that the physical chemistry of the fiber 
surface is an equally important factor in the soiling 
mechanism. The production of a low-energy surface 
on the fiber by taking advantage of the low electron 
density at the surface of the —CF, group [2, 7| ina 
perfiuorocarboxylic acid must have a profound effect 
on the adhesion of soil. It is highly probable that 
the perfluorodecanoic acid molecules after adsorp- 
tion by the cellulose fiber are reasonably well oriented 
with their carboxyl groups in juxtaposition to the 
fiber surface [5]. The results obtained in these ex- 
periments suggest that a fundamental study of the 
surface energy characteristics of fibers would con- 
tribute significantly to our understanding of soiling 
phenomena. Further treatments with these mate- 


rials are under investigation. 
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INTERNATIONAL SYMPOSIUM ON 
MACROMOLECULAR CHEMISTRY 


The International Union of Pure and Applied Chemistry has 
arranged for the next International Symposium to be held in 


Prague, Czechoslovakia, September 9 to 15, 1957. 
sium will deal with macromolecular chemistry. 


The Sympo- 
Information con- 


cerning the program may be obtained from the Organizing Com- 


mittee, International Symposium on Macromolecular Chemistry, 


5 Technicka, Prague 6, Czechoslovakia. 





AprRIL 1957 


Book Reviews 


Physics of Fibres, An Introductory Study. 
H. J. Woods, London, The Institute of Physics, 
100 pages. Price 30s. 


1955. 


Reviewed by Harold P. Lundgren, Western 
Utilization Branch, U.S. Depart- 
ment of Agriculture, Albany, Calif. 


Re Sea rch 


Concisely written—'‘‘a sort of introduction to the 
fibres’—this book of 100 pages reviews highlights 
and current ideas on structure and physical proper- 
ties of fibers with emphasis on cellulose and keratins. 
The six chapters discuss (1) fiber structure in gen- 
eral, essentially an outline, (2) the dimensions, form, 
and general properties of fibers, touching on dimen- 
sional characteristics, hygroscopicity, adsorption, 
mechanisms, frictional properties, and static electri- 
fication, (3) X-ray diffraction investigations, cover- 
ing briefly apparatus, unit cell determination, orien- 
tation, X-ray effects produced by chemical and 
physical treatments, crystalline-amorphous ratio and 
small-angle scattering, (4) optical properties, includ- 
ing refractive-index measurement, birefringence, in- 
trinsic and form birefringence, measurement of bire- 
fringence, extinction between crossed Nicol prisms, 
skin and core effects in fibers and spherulites in syn- 
thetic fibers, dichroism and infrared absorption, (5) 
elastic properties, including creep and _ relaxation, 
load-extension curves, set and supercontraction, dy- 
namic elastic properties and the molecular processes 
involved in extension, and (6) electron microscopy, 
reviewing surface and internal properties and the 
structure of cellulose and keratin fibers as revealed 
by this technique. 

The book is well-written, technically precise, but 
often brief in sections that may prove difficult for 
the nonspecialist. However, each chapter is well- 
stocked with good references so that the enterprising 
student will find this book valuable as a guide to fiber 
structure and techniques of investigation. 


Sth Ed. 
Arthur 


The Condensed Chemical Dictionary. 
(completely revised and enlarged). 
Elizabeth Rose, New York, Reinhold 


Corp., 1956. 1200 pages. Price $12.50. 


and 
Publishing 


Reviewed by Irvin M. Gottlieb, Textile Re- 
search Institute, Princeton, N.J. 


“The Condensed Chemical Dictionary,” in its new 
fifth edition, is a “must” for the researcher, the ad- 
1200 
pages the editors have included the latest informa- 


ministrator, and the technical salesman. In 
tion in the many diversified fields of scientific en- 
deavor, previously available only in large-sized dic- 
tionaries and handbooks. <A feature which makes 
this book of extreme importance is its list of trade 
names, which includes the proprietary names of 
nearly all of the chemicals in commercial usage, not 
only their properties but also their manufacturers, 
available grades, and quantities in which they may 
be procured. The chemical entries are also com- 
plete, each containing a list of properties, methods 
of purification, chemical formulas, constants, and 
methods of preparation. Unlike certain other hand- 
books which contain entries by subject matter, this 
compendium is in dictionary size and style, readily 
The 


editors are to be commended for compiling this dic- 


tabbed for easy location of sought-after items. 


tionary, as it contains data essential to the activities 
of almost everyone in the various fields of scientific 
activities. 


New York, 
Price $6.00. 


Safety in Industry: Macfarlane. 


Philosophical Library, 


D. I. 
1955 


71 pages. 


The increased attention devoted in recent years to 
the protection of workers has done much to reduce 


industrial accidents. Nevertheless, much remains 
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to be done particularly with regard to worker edu- 
cation in matters of safety. The idea that “it can’t 
happen to me” is still prevalent among industrial 
personnel. 

“Safety in Industry” discusses accident hazards 
and how to guard against them. The book is pro- 
fusely illustrated with photographs which show typi- 
cal danger points on machines and effective guards. 
Included are chapters on modern protective clothing ; 
precautions against skin diseases, damage to the eyes, 
and harmful radiations; and the importance of good 
lighting. 

This is a useful summary of information of im- 
portance to both executives and personnel. 


Bibliographical Abstracts on Redeposition of 
Soil on Cotton Fabric. ASTM Special Technical 
Publication No. 173, Philadelphia, American Society 


for Testing Materials, 1956. 32 pages. Price $1.00. 


This booklet is comprised largely of abstracts of 
the published literature relating to the subject. 
There are 171 numbered items, dating from 1909 to 
1953. 


review. 


Five pages are in the nature of an annotated 

The bibliography was prepared by Task 
Committee T-5 on Redeposition Methods of ASTM 
Committee D-12 as one of the first steps in develop- 
ing a method of measurement of the redeposition of 


soil onto fabric from aqueous detergent systems 
(laundering ). 


TEXTILE RESEARCH JOURNAL 


Primitive Art. Franz Boas. Dover Publications, 
Inc., New York, 1955. 376 pages. Price $1.95. 


One cannot fail to notice the recent trend toward 
bizarre designs for textiles. Motifs from textiles of 
primitive cultures are employed in prints and tapes- 
tries; an art gallery in a large city in the South has 
given prizes for textile designs which reflect facets 
of the cotton industry, and these could be either rep- 
resentational or abstract; a French firm is now 
working with such leading abstract artists as Picasso 
and Léger in applying abstract drawings to textiles ; 
and this reviewer recently visited a gallery in New 
York exhibiting attractive tapestries woven from 
abstract designs in which the artist worked with the 
dyer to employ colors that could be matched in 
the dyed yarns. 

The textile designer will find this book a valuable 
source of ideas. Over 300 illustrations furnish ex- 
amples of textiles, paleolithic paintings, and a wide 
variety of decorative motifs on totem poles, hats, 
cutlery, tools, painted boxes, baskets, and other primi- 
tive objects. The colors and patterns are fully de- 
scribed in the text. 

Interest in this book will by no means be confined 
to designers. This is the first popular-priced edi- 
tion of a work that has been a classic for many years 
It is an 
analysis of primitive art, disclosing a great deal con- 


among art historians and anthropologists. 


cerning the fundamental traits of man as revealed in 
his literature, music, and the dance, as well as his 
primitive and representative art and symbolism. 





